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JOHH WIIIIAM DEAPEK, M.D., I1.D, 



Deak Sir: — 

It seems pecoliarlj appropriate that tMs volumo aliould fee ■ledicatod to 
you, Knowing the emioGnt eateem in which you are held in tlio circles of 
Europsaa sdenee, I cannot c3oixl)6 that iho dietii^imBlieil autliots of the fol- 
iowiaff eesaj^ woiilii cordially ^iprovo this comnecUoji of youf name isitli 
thdr IntioduEtioa to the .American public. 

Hiere is, besides, a fiirthec re^on Ite thia iu that large eoiaddeaee of 
purpose yiidah. ia mimifest in. tJidr labors and youp own. Fnc wlule the par- 
Tading design of the present oollecfioii is to widen ttia noige of ihoH^t bj 
unfolding a broader philosophy of the enei^ea of nature, joui' own compce- 
bon^ve course of researeh — bi^ianii^ with an extended aeiies of e:speri- 
mentsl investigations ia ehcmioal physiira and phj^ology, and rising to Qie 
condderatjon of that splendid pcoblem, She feoaring of sdenca upon the H!b- 
lory of the titellaotuitl Deyeiopinent of Earope— has powerfM j conaibutod 
to the same noblB end ; Uiat of eieraljng the aim and enlarging the scope of 
HoieEiific inquiry. 

I gladly amil myself of tb^ ooca^on to say how greatly 1 am indebted 
to your writings, ia wlilch acdsrata aud profound iasttucfion iB so cfien and 
happfly Hendeit tsith the chanua of poetia doquencis. Tlutt you mnj Hve 
lor^ to enjoy joar weU-won honors, aad to ooatmbute stiE fnrtiicr to tlie 
tdumiihaiit advance of soienlific truth, is the heaetfalt wiah of 
Yonrs tvuly, 

E. L. Y. 
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PEEPACE. 



In his ndiire^H before tl e Briti&h Aisoeiafion for ths Advaaoa- 
meiit of Sdenne last ysir tho PrLSident remaiked tliftfc the aew 
views of the Con elation aad Oonserrafioii ot Foroes constitnto tho 
most important diseorory of the pr^ent cent iiy The reronrk is 
probably just, proMo as has been Hub penod in grand soieatjfio ro- 
snlfa. ISo one cau glMice thrcragh the euri'ciit soientifle publica- 
tions without pei'CoiTiag that these Tiewe are attracting tho pro- 
found attention of the most thoaghtfld roinds. The liTRly oon- 
to>versy tiiat has been oorried od for the last two oi- three years 
respeotjng the share Uiat difFereat men of diiferent ootLntriee hiwe 
hsA hi their eatabliabment, still ftu^her attests the estimstQ piaee<l 
apou thewi ia the sdeiitiflo world. 

Bat little, however, has been published m this coaatry upon the 
sahjeot; no complete work, I belioTO, escopt tho adiniraHo volume 
of Prof. Tyndali on "Heat as a Kode of Motion," ia which tlie 
aew philosopliy is adopted, and applied to the explaaatjoa of ther- 
mal phonoiaoca in a very olew aad forrafele aianaer. I have, there- 
fore, thought it would be a, asefnl service to the publio to rfaesae 
some of the ablest presentalaons of these viowa "which have ap- 
peai'cd ia Europe, in a compact and oanvemoat foria. The Eelec- 
tjon of theae diaeuasiona has heen deteriained by a dedro to com- 
biae olearnesB of eajosilion with authority of statement. ■ In tho 
first of these respects the essays will speat for themBelves ; ia re- 
gard to the last I may remai-k that aU the aathora qaoted staad 
high as founders of the aew theory of foroos. Although I am not 
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aware tks,t Prof. liebig has made imj claims in this direotiOH, yet 
it caa scai'celj be doubted that his oripnal researoljes in Aniinal 
Chemistry tended isti'oagly toward the promotion of the science of 
vital dynamics. 

The work of Professor GroTe, wlich is here reprinted in fnll, 
has a high European reputatioa, having passed to the fotirih edi- 
lion in England, and been tronalated into sevei'sl continental lim- 
guagea. It is hardly to the credit of sdenoe in our country, that 
thm is the first American edition.. The eloquent and interesting 
paper of Heimholfe, though deUvered as a popular leotare, was 
traiislated for the PhaosopMoal Magazine, emd has been very Mghly 
appi^dated.in sdentiflo droles. The three articles of Mayor, 
which wore also trmiElated for the PhUoaophical Magazine, will 
have iiitei'est not only because of the great abUity with which the 
subjects are treated, but ^ eiaanating from a man who stands per- 
haps preSminent among the explorers iu this new tract of inquiry. 
The reaeai^lies of Faraday in thia field have been coi^picuoua and 
important, and his argmnent is marked by tho depUi and oleame^ 
which characterize, in an eminent degi'ee, the writings of this es- 
traordinaiy man. Xhe essay of lieb^ forms a, chapter in tho last 
edition of his inviduaMe 'Familiar Letters on Oliemistry,' which 
has not been TOpublJahed here ; and, as it tonoliee Ihe rdatioa of the 
snbjeet to organic processes, it forma a fit introduoiioii to the final 
article of the Beri.es by Dr. Carpenter, csi the " Correlation of the 
Physicid and Tital SoToes." The eminent JEpglish physiologist has 
worked out this brimch of the anbjeet Indepeadenfly, and the pa- 
per quoted gives evidence of being pr^ared with his naual oars 
and ability, A oertaia amount of repetition is of courae unavoida- 
ble in such 8 coUeotion, yet the reader will find much less of this 
than he might be inclined to look fof, as each writer, in elaboratiag 
Ihe subject, hss stamped it with his own ori^iality. 

In the introdiiotion I have attempted to bring forward oertaia 
fiicte in the history of .these discoveries, in which we as Ameri- 
oans have a special inter^t^ and idso to indicat* Bevortd applioations 
of the new principles which are not treated in the volume. It 
seemed best to oonflne the genor^ disonssioa to Qiose aspects ot the 
subject upon which mMt thoaght Jiad been espended, and which 
may be regarded as settled among advanced soieatifio men, ■ But 
there are other s^plications of the doctrine, of the highest interest, 
which fliongh incomplete are yet certain, and these will bo feand 
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bi'iefly uotioed in. the introductory observalioBS — too briefly, I ioar, 
to be satlsfaotorj, Tlioas, however, who deske to pursue bSU 
ftirthev this branch of the inginry — flie ootreJatioE of the yitaS, 
montiil, and aoeiai forces — are referrsd to iiie last edition of Car- 
penter's "PiiiLcipleE of Human Phjmology; " KoreE's "OntUues 
of Mental PMlosophy ; " Layooelc's " Oojrelatioiis of Conscioosness 
and Organization ; " Sir J. K. Shutflewortli'a address before the 
Social Science Oongi-ess of 18S0, on the " Oorrelation of tlio McrnI 
and Phydcal Forces;" Jlinton'a "life in F^nre," and "lii-st 
Principles " of Hei-bert Spencer's new system of PMlosophy. The 
first and last of fliese worlrs ai'e the only ona^ it is Iselieved, that 
have appeared in an Amerioaa form, and the last ia mudi tbo 
ablest of all; I was chiefly indebted to it in preparing the latter 
part of the introduction. The biographical nolloes, brief and ini- 
perifeot tm they aa-e, it is hoped may enhance the reader's interest 
ia the volume. 

I have been spBcially incited to procure tlio jmblicalion of a 
work of this kind, by the samo motive that has iiniieUed me to 
write lapon the anbjeet elsewhere ; a eoniriction of onr edncaticnfll 
needs in this direction. The treatment of a vast Mbjeot like this 
in ordinary school test-books, ^ at best quite, too limited tbr the 
reqnirements of the actiTe-miDded teacher; to such, a volnnie Kke 
the prascEt may prove invaluable. 

But a more serions difflonlty is that, until compelled by the de- 
mands of intelligent teachers, the compilers of school-bookw will 
pass new views entirely by, or giye them a mere hasty and cai'eleKi 
uotico, while continniug to inonlcate the old eiToneona doctrines. 
And thiis it is that ftom invoterai^ hahit^ or intellectual Blafgfeh- 
neas, or a sbiawS. oalanlaUon of the indifi'ei'enoe of toache™, out- 
worn and oEfete ideas continne to drag throngh school-books for 
half a century alter they have been osploded in the world of hy- 
ing Boience. He who oontinnes to teach the hjpotheris of caloric, 
faldfiea the pr^ent truth of science as absolutely as ho would do 
in teaching the hypothesis of phloffhton; ia feet, t!ie reasons of- 
fered for pep^ting in the erroneous notions of the materiality of 
heat — convemenoe of teaching, unsetfiednras of the new ^ocabn- 
lary, Scb^ are xffecisdy those that were ofiered for clinging to phlo- 
giston, and r^eoting the Lavoiaeriaa chemiatry of combustion. 
Both GoncepSons have no doubt been of service, but both were 
transilional, and having done their work they become hindrances 
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uiatead of helps. Ve can now see tiiat whea the true ebemiatrj 
of GOJiil)aslioii W63 once reiwhed, the notion of phlogiston was of 
no farther nse, and if retaiaed ooiilil only produce oonfiision and 
present the reooption of correot iieas. So with enlorio, nad those 
false concepliona of the matarisllty of forces, whlohib implies: not 
only STB tilts' eiTora, hat the ideas they involve are raSically in- 
compalihle witih Sie higher truths to wMch scienca has advanced; 
so that ■while the ewors are retained the truths ciUinot he received. 

Sof win it answer tacrely to mention the new views wMle 
adopting tho old, on the plea tliat the fiicts are tJie Siime in both 
oases. The facfa are very fer from being tJie same in hotli eases. It 
is precisely because the old ideas aa^ out of harmony with the fects, 
and can no longer correctly explain and express thom, that ne^ Ideas 
are eoBght. "Was not pHo^stoa abandoned lieeause it no longer 
i^reed with the facts! 80 with the conception of the matoriality 
of the forces; it eontradiots the facts, and tlierefore, for Boientifio 
purpoaes, oim no longer represent them. In the workshop it may 
perhaps bo very well to magnify feots, and depreciate tlioir theoreU- 
cal explanations, hnt not in the school-room ; the business is here not 
working, hnt thioMng. It is the idm of art to nee facts, but of sci- 
ence to nn^eraiand them. And it is simply because soienee gooa 
beyond the feet to its explanation, and is over sti'iving after the 
higliest tmth, Hiat it is fitted to discipline the thinking and reason- 
ing ftoiltiee, and therefore lias imperative ednoaiional claims. 

In therefore bringing forward these able and auUioritalive ex- 
positiona in a form readUj accessible to teachers, I trust I am not 
only doing them a helpful service, but that they will be led to re- 
quire of the preparei's of school-books a more oonsciuntioiis pei'- 
fonnanco of their tisks, and tiiat the interest of somid education 
wiEbe thereby promoted. 

Km. YoKK, Oet. 1, ISa 
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INTKODUCTIOjS. 



TsEBE aro many wJio deplore what tlioy regaitl aa ihe raatorial- 
izjng tendeades of modern sdeiiee. Tlxej maintam that thia pro- 
found 8Qd mereadng engroasment of tlio nand with material ob- 
jaots is fata! to all refitiitig and epiritiializtog inflneaoe. The cor- 
reotnesB of tisto eonolnslon is opea to serious cpiestton; indeodj the 
history of sdenliflo thonglit not only fails to justify it, but proves 
the reyei-as to he tme. It shows that tiie tendency of tliia kind of 
tEquiry is ersefrom tho material, t&ieard the ahsti'aot, tha ideal, the 
spiritual. 

"We iBay appeal to the oldest and most developed of the sciences 
for oonflrmation of this statement. The earliest explanations of 
the celestial movements were thoroi^hly and grossly material, and 
dl ^tronomic progress litis beea toward more refined and ideal 
"rfewS. The heavenly hodies wore-at first thOnglit tol>e supported 
aj\d earned round in tlieir couraea by solid revolving orystcdline 
spheres to which they were attached. This noHon was afterward 
replaced by the more complex and mohilo mechmusnt of epicy- 
cles. To tiiia sacceeded thehypothesisofDesCai'tos', who rejected 
the elumay mechanioal ex|ditaa1ion of revolving whoelwor^ and 
proposed tlie more snhtile conception of ethereal currents, whieh 
constaaitly whirled aionnd in voilioes, Mid bore along the heavenly 
hodiM. At length the lahore of astronomers, tenninating with 
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HI IKIEODUCn^OH". 

S'e'jvton, atrnok away these crude de^ioes, and subsMtcted the sotion 
of a uniTocsal immaterial forco. The conree of osti-<aiomio Boienoe 
has thus heea oa a vast scale to wiihdi'aw attenijoa ihmi tho mate- 
rial and B6n«hl9, and to fls it upon the invisihle and snpei-senauoia. 
It has shows that a pure principle forms the immaterial fonndafioa 
of tlia jmiyerse. From the baldest materiality "we rise at last to n 
truth of the spiritual world, ol so exalted an order that it ims boon 
said ' to coimect the mind ot man with the Bpirit of G od ' 

The tendency tlnis dlnstrated by a'tionomy is charaotonstio m 
a raai'ked degree of all modem science fceientifio mqimies are 
J less and less qiiestJOnB of miittei, and luoro and more 
broe; material ideas aio giving plici. to dynamical 
ideas. "While the great agencies ot change witli tvMoh it is tlio 
bnmiess of sdeiioe to de'il— heat, hght, eleotneitj, magnetism, and 
affinity, have been fonnerly legmded as kinds of matter 'impon 
derable elements,' in distinction from other mateiial clcmLnts, 
these notions mnst now be legaideti as outgrown and abandouot], 
and in their place wo have an order of purely immatciial fones. 

Toward the close of the last century the human miiiii reaoliod 
the great principle of the indostructiblity of matter. "What the 
intoHeotnal activity of agra had failed to estabhsh by all the re- 
sources of re^oning and philosophy, was accomplished by ihe in- 
vention of a mechanical implnment, the balance of Lavoisaer. 
Wbm\ nature ■was tested in the chemist's scale-pan, it was Rmi 
found that never an atom ia oi-eated or destroyed ; that ihongh 
matter chtmges form itith protean facility, traversing a tlionsand 
cycles of change, vanishing and reappearing incessantly, yet it 
never ■wears out or lapfios into nothing. ^ 

'ilie present age will be memorable in the history of science for 
having demonstrated that the same great pidndple appMea also to 
forces, and for the establishment of a new philosopliy concerning 
their nature and relations. Heat, Eght, dectridty, and magnetism 
are now no longei' regarded im substantiye and Indepeadont exist- 
ences— snbtile fluids with peculiar properties, but amply as uio^ea 
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THE NEW DOOTEINE OF FOEOK. SU 

of motjoa m ordmaiy matter; forma of energj Thioli are capable 
of matnal couverdon. Heat ia a mode of energy inajiif<»ted hj 
oertaia effects. It may ba transformed into electricity, which is 
anoQier form, of force producing differeot effects. Or the process 
may be reversed ; tlie eleetrioity disappearing and the heot reap- 
pearing. Agiun, mechanical raotioa, which ia a motion tsf masses, 
may l>e transformed into heat or eleotridty, which is held to bo a 
motion of the atoms of matter, while, by a reVerse prooess, the mo- 
tion of atoms, that is, heat or electritnty, may he turned back again 
into mechanical motion. Thus a portion of the heat generated in 
ft locomotave is converted into the motion of the train, ■while by 
the application of the bi'aJcea tJio motion of the train ia changed 
back again into the heat of Motion. 

These mntaUona are rigidly eubject to the lawa of quiBiiity. A 
^yen i^ount of one force produces a definite quantity of anotlier ■ 
so that power or energy, like matter, can neither be orootod nor 
d^troyed : though ever changing form, its total quantity in the nni- 
verse remains constant and imalterabk. Every manifestation of 
force must hare come from a preSxi^ang equivalent force, and must 
^vo rise to a aulmoquont and equal amount of some other force. 
"Wlion, therefore, a force or effect appears, we ai'o not at liberty to 
aranme that it was self-ori^naied, or came from nothing; ■when it 
diaappoare we are forbidden to conclude that it is anaihiiated : 'we 
must search and find whence it came and whiilier it has gone ; that 
IB, ■what produced it and what effect it has itself produced. These 
relations among the modes of energy are cmreutly kno-wu by the 
phrases Correlation and OonservaUon. of Force, 

The proaest condition of the philosophy of forces is perfectly 
paraUdod by that of the phCosophy of matter toward the close of 
the Ia£t ceutoi?, So long as it was admitted that matter in its 
various changes may ho created or destroyed, chemical progr^ 
was imposable. If, tu Mb processes, a portion of the material dis- 
appeared, the chemist had a ready explanation — the matter waa 
detPFoyed; his analyaia was therefore worthlees. But when hn 
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XIV BSTHODTfOTIOH. 

started with, ibst axiom that mattsr is iiideatruotible, all disappear 
anoQ of material duriag Ma operations wits diargoablo to tiieir im- 
perfection. He woe therefore cranpeHed to impror^ iliem — to ae- 
oonnt in his result for every ihouBaadih of & gi-nin with which he 
oomiHBneed; and as a coasegnenoe of tMs inexorable condition, 
analytical etemistry aditnnced to a higli perfection, M\d its eonse- 
quenoes to tto world arc inoalcniablo. Predsaly ao with the anal- 
yds of forces. So iMig as they are considered Mqiable of being 
created and destroyed, the qaest for them win be onreless and the 
reanlta vaLuelesa. But tke moment they ni's detoi'miEed to be in- 
destmotible, the investigator heoomea bound to accoimt for them; 
aU prohlems of power are at once afiteoted, qjkI tlie soicnoo of dy- 
namics enters npon a new era. 

The idewa hero biiefiy stated will be foimd fully and wrionaly 
olacidated in the essays of the present volume ; in these introduc- 
tory remarka I propose to offer some observations on tlieir history 
and tl:io, extended scope of their application. 

I have spoten of the principles of Oorrelntion imd Oonservatlon 
of Forces as wtablished ; it may bo well to state the sense ia wMoh 
this ia to be ti±en. They have been accepted by the leading aeicn- 
tiflc minds of all nations with remarkable Tmanimity; their discus- 
sion forms ft leading element in scientific literatm-e, while they oc- 
cupy the thoughts and gnide the Investigayons of tlte most pMlo- 
sophioal inqnirors. But while science holds scoiu'cly her new pi^ 
seswon as a fnndameiital principle, its various phasM are by no 
means completely worked out. Fot only has tliere heen too Httla 
&ne for this, oven if the views were far less important, but the 
questions started lie at the foundation of all branches of seionce, 
m.d ciBi only he folly elnoldatod as these advance in their develop- 
ment. The new doctrine of forces is now in ranch the same con- 
dition as waa tlie new astronomy of Copernicus. It is not with- 
out its difficulties, which time alone must be tnisted to remove; 
bnt it fompMes so many problems, clcai'S np so many obsomlUes, 
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I'm; HiBTOSY OF aciENTiFic DiaoovEitr, xv 

opens so estended a range of new invesligatioBs, anil ooutroBts so 
strongly with tho coKiplmtleB and moongi-nities of the older doo- 
trioes, as to leave litflo hhcity of ohoioo hetweea tho oppo^g theo- 
ries. Sot only do(» thereoeplaon of these views mark a dgnal ep&oh hi 
the progress of sdenoe, but from thefr comproliensive hearings and 
the lumhtoaa glimpse "wHoh they open into the most elevated re- 
gions of Hpeeniatife inquiry, they have a- profound interest fov 
maay thinkera who giva Mttlo attonlioa to the speoialties of osaot 

la tho history of hiuiiaii affairs theri' is a growing eoaceplioii 
of the action of general causes la the prodnolion of ovcmtB, and a 
coiTeBponding convictioB that the part played by individuals has 
been nrnoh exaggerated, and is far less oontroUing and permanent 
than has boon Mtherto snpposed. So sho in the litetory of sdence 
it is now aoinowlcdged that the progreas of disooveiy is mnoti 
more independent of the labors of particnlar persona than has been 
formerly atlnntted. Great discoveries belong not so much to indi- 
viduals OS to hnmanity ; they ai'o 1^ inspirations of genins than 
births of eras. As there has heen a definite intellectual progross, 
thought has Heceasaiily been Ihnited to the subjects successively 
reached. Many minds have been thas oooupiad at the same time 
with siniilar idea^ and hence the amnltEneons discoveries of inde- 
pendent inqnireifl, of which the history of science is so flill. Tims 
at the dose of the risteenth century, philoaophes-a had entered 
iq>on the investigation of the laws of motion, and accordingly we 
find Galileo, BenediU, and Hccolomini proving independently that 
all bodies faU to the earth with equal velocity, whatever thdr size 
or weight. A centtiiy after, when aciefico had advanced to the 
systematic application of the higher mathomatios to genejral phys- 
ics, Kowton and Leibnitz diseoYerod independently the diflbi-ential 
calculus. A hundred year* later questions of molocnlar physics 
and ohemiEtty wore reached, and oxygen was discovered aimnlta- 
neously hy Priestley and Scheele, and the composition of water by 
Cavendish asd "VFatt. These discoveries were made because the 
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periods were rijie for them, and wo oamiot doubt thiit if those -who 
mads them had never lived, tho labora of others would have speed 
ily attaified the same results. Tho discoverer is, therefore, hi a 
great degcee, but tlie mouthpiece of hia time. Some disoorn cleaarly 
what ia dimly shadowed forth to manj^ some work out tho results 
moi* completely than others, sad soiae seize the coming thought 
so long before it is developed in tho general consdouauesa, that 
their aanounoements are unappreciated and milieeded. This view 
by no moans robs the disooverer of his honors, but it enables us to 
place upon them a jnster estimate, and to pnss a more enlightened 
judgment upon the rival claims which are coustantly ariahig ui tlio 
history of science. 

Probably tho most important event in the genei-nl progress of 
science was the transition from the speculative to the experimcaital 
period. The ancients were prevented from orealmg adeiice by a 
felse intelleotnal procedure. They believed they could solve all tho 
problems of the universe by thought alono. The modems have 
found that for th^ purpose meaitafion is futile unless accompanied 
by obaeiTfttion and experiment. Modem edence, therefore, took its 
lise in a change of method, and the adoption of the prineiple that 
the discovery of physical tnrfh conaats not in its mere logical but 
iu its espeiimental estahlishmeut. It is now an axiom tliat not he 
who ffu^sm, though he guess aright, is to be adjudged tlie ti'ue dis- 
coverer, hut he who dmnortsirates the new truth, and tiius compels 
its acooptaace into the body of valid tnowlodge. 

How the later doctrines of the constancy and relations of forces, 
and that heat is a kind of motion among the minuter parts of mat- 
tei', have had their twofold phases of histoiy, coiTesponding to tlie 
two njethods of inciuhy. They had an early and vague raeoguition 
among maiy philosophers, and may be traced in the writioga of 
Gahleo, Bacon, H"ewton, Looko, Leibnita, Des Oariea, BomouEi, 
Laplace, and others ; but they were hold by these thinkers sa un- 
verified and ftuitleaa specuialions, and tlie suhjeot awaited tho gen- 
ius that could deal with it according to the mere effeoiive mefliodg 
of modem aeience. 
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It WAS thfe cOTiJitry, widely reproached for being oyw-practicsl, 
whioli produced just that Icind of working ability that tvub snits^ 
to tranalate this profocad question from the hucroii to the fi-uitfol 
field of ioqnity. It is a ojattei' of jost iiaiJonal pride tliat the two 
men who first demorati'ated tho capital proposiHoiw of pure sci- 
encej that lightning to hat a c^e of common deotrioity, (tad that 
hont ia bnt a mode of moiioii — who first convoi'ted tiieae proposi- 
tions fi-OBi coajectnres of fenoj to is.ats of eoienoo, wore not only 
Americana by birth aaid education, bit men eminently ropreaanta- 
tive of tlia peonliaritioa of American ehiffftoter — Benjamin Frank- 
lin and Benjamin Tiorapson, afterwards inowu aa Oount EiTrnfonJ. 
Xhe latter philoaopber is leM known than the former, though bis 
sorrices to science and society were probably qnito aa great. The 
prominence wMob his name now oeoupiea in oonneotion ■(rith the 
ne-w viewa of Iieat, and the relations of forces, make it desirable to 
glance foiiefly at his career. 

Bkkjamis Thompsob was born at Wobura, Mass., in 1Y53. He 
reooiyod tbe rudiments of a common school cduoatioa; became a 
merchimt's appronfioe at twelve, and subaeqaeatly taaght school, 
Having a strong taste for meohauical aad ohomicid studies, ho eul- 
tirated them asaiduouely dming his letoure time. At seventeen he 
took charge of an iwudfany in the village of Enmford (now Con- 
cord), U. "H., and in 1?73 married a wealthy widow, by whom ho 
■ had one daughter. At the ontbreak of revolutionary lioatilities ho 
applied for a conunission in the Ainerioon earyioe, was clmrged 
with tOj'yJsB, loft the oounlry in dis^at, and went to Bngland., 
His taleiits wero tliero appreciated, aad he faxik a responMble por- 
tion under the goveiTOnent^-wMoh he hold for some years. 

After receiving, the honor of knighthood he left England and 
ontored the sorcice of the elector of Bavaria. Ha settled in Hu- 
aich in 1784, and was appointed aide-de-camp and chambovlain to 
the I'rinoe. ITxe Isbora which he now nndoi-took were of the most 
BxteuMve and laborious charactei', snd could never have been ao- 
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oomplislied bot for the rigarous habits of order wMch he earrM 
into all Ms pm-suits. He reorganised the oiitiro milltaJT' estahlish- 
meut of BftTfliia, introduced not only a simpler code of taotios, and 
8 new syatsio of order, diacipline, and economy among the troops 
aad mdastrial schools for file soldiers' cluldren, "but greatly im- 
proved tJie constraction and modes of mantifactttre of arms and 
ordssaoe. He sEppreased the system of heggKy irMch had gi-own 
into a recognized profession in. Bayflria, and haoome mi ononnons 
public oyjl — one of the most remarkahle social refoima on record. 
He also doToted Mmself to variona ameliorations, such as improv- 
ing the consti-uotioQ and srrangemcait of tlio dwsHings of the worlc- 
ii^ claaaea, proTiding for them a better ednoation, organiMng houses 
of industry, introduoing superior breeds of horsis and oatBe, and 
piomoUng landsoape-gardening, which ho did hj- conYertdng an old 
abandoned hraiting-gronnd soar Muaioh into a pork, "where, after ■ 
his departare, the tnhahitanta erected a monument to his honor. 
Tor these services Su- Benjamin Thompson received many dislittc- 
iionB, end among othei-swas made Count of the hdyEoman Empire. 
On receiving this d%nity he chose a tttle in remembrance of the 
conntry of his nativity, and ■ivas thenceforth known as Oonnt of 
Euiaford, 

His health failing from excessive labor and what he considered 
the unfavorable climates lio came back to England in 1798, and had 
serious thonghta of returning to the TMt^ States. Having re- 
ceived from the American government the compliment of a formal 
invitation to rovidii his native land, he "wrote to sa old friend re- 
questing liim to look ont for a " little ijuiot retreat " for Hmaolf 
and daughter in the ■rfoinity of Boston. This intention, however, 
finled, as he shortly after beoame tn-rolvod in the enterprise of 
foonding the Eoyal InsUtnt^ of England. 

There waa in Kumford'a character a happy combination of phi- 
lanthropio impulsfs, execulive potver in cai-rying out groat prtgeots, 
and versatthty of taieat in phjaioal research. lEs sdenlifie inves- 
iagatdoBB were largely guided and determined by his philanthropk 
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plana'aed public duties. His interest in the more needy classes led 
Mm to the assidnous study of the physical wants of mnukind, sod 
the hest laetiiods of relieving them ; tlie lows and domestic man- 
agement of heat acoordiiigly engaged a large share of his atteation. 
He determined the aiaonnt of haat arising from the oomhnstion of 
different kinds of fuel, by means of a oaloiTmeter of his own in- 
vention. He reconstructed tlie fireplace, and so irapro'ted t!:e 
methods of heating flpartmonts and cooking food as to p-odnce a 
saying in the precious element, vwying from one-lialf to sovsn- 
eighthB of the fnel previously consumed. He improved the ooa- 
etmotion of stoves, cooking rai^M, coal gcat^ and chimneya; 
showed tliat the non-oondnoting power of doth is due to the oir 
enclosed among ita fibres, and first pointed out ttat mode of action 
of heat called coTvoeetion ; indeed ho was the first elera'ly to dis- 
criminate between tlie three modes of propagation of heat — radia- 
tion, condnotion, and oonveotion. Ho determined the almost per- 
fect non-oondueting properti^ of liquids, investigated tbe produc- 
Mou' of light, and invented a, mode of measuring it. He was the 
fii'sf to apply steam genorallj to the warming of fluids and the 
onUnary art;"he eiparimented upon the Sse of gunpowder, the 
strength of materida, and the masimum density of water, and 
made many valuable and original observations upon an extensive 
rimge of subjects. 

Prof. James D. Forbes, in his fttle IHssertalion on the recent 
Progress of the Mathematical and PhyMcal Sciences, in the last 
edition of the Encyclopedia Britamiica, givosflfullacconntof Enm- 
foid'e oontiibutiona to science, aaS. remarks: 

"All Enmford'B experiments were made witli admirable precis- 
ion, and recorded with elaborate fidelity, and in the plainest lan- 
gu^e. Every thing with him waa reduced to weight and 'lioa"- 
ure, and no pains were spared to attiun tlie best result?. 

" Eumford's name wlH be ever connected witii the progresi of 
fioienoe in England^ by two circumstances: first, by tlio foundation 
of a perpetual medal and prize in the mft of the council of tlie 
B 
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Eoja! Bodety of London, for tlie regard of disoovericB conucoted 
with heat aad light; and secondly, by tho establishment in 1300 of 
the Eoyal lustitutioa m London, deatined, primarilj-, for the pro- 
nuQtion of ori^nal discovery, and, Beeondarilj', for the diffosioa of a 
taste for science among the educated dasaes. The plan was oon- 
eeived with the sagacity which oharacterized Enmforti, and its suo- 
ee^ has been greater than cotdd hare been mttidpated. . Dayy was 
there brought into noljoe }>j Emnford himself, and fiuiiished with 
the means of proaeontiiig Ms admirsMe eipeiimonts. ITe and Mr. 
Faraday have given to that institution its just celebrity with litSe 
iatenniasion for half a centnry." 

leaving England, Eumford took up bis lesidcnco in -Franaa, and 
the estimation in which he was hold may he judged of by the fact 
that he was elected one of the eight.ibroign associates of flie Acad- 
emy of Sraeaces. 

Count Bmnfoi'd tvequoathed to IDttvml Oniyersity the ftmds 
ibr endowing ifei pro&Korship of the Applioa'^on of Science to tho 
Art of living, and instituted a piize to be awarded by the Amen- 
can Acaflemy of Bdonoee, for the most important discoveries and 
improYomonts relating to beat and light. In 1804 he nuu-nod the 
widow of ■016 celebrated chemist Lavoi^er, and with her retired 
to Uie ■^a of AniemI, tlio residence of her former hushiuid, where 
he («ed in IBM. 

Having thus glanced briefly at bis onreer, I now pass to tbd dis- 
covery upon wbicb Count Enmford's fame in the future will chiefly 
rest. ItiBaosoii.bed>uapaperpnbli3hadintlio transactions of the 
Eoyal Society for 1798. 

, He waa led to it while superintending tho operations of tlie 
Masiah arsenal, by obaoiTing the lai-ge amount of heat generated 
in boring brass cannon. Eoflocting npon thte, be pi-opc«ed to him- 
self the ibUowli^ questions : "Whenoo comes the heat produced 
in the mechanical operations above mentioned 3" " Is it fumishoi! 
by the metallio chips which are separated feim tho metal S " 
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The oommon liypotheds affiiined that the hoat produced had 
boea latent in the metal, aiifl had heeii forced out hy condensation 
of the chip3. But if fliis were flio ease the eapacity for heat of the 
parts of metal so reduGsd to chips ought not only to he changed, 
hut the change imdergono hy thcin should he auffldently great to 
aoooiiat for all tlie heat produced, 'With Q fine savr Enmford than 
cut away slices of the nnheated metal, and found that they had «e- 
aolly the iome eapaeityfoy heat as fke inetallh chvps. No chango 
in this respect had occurred, and it was thus conol.uswely proved 
that the heat generated could not have heon held latent in tlio 
chips. Having settled this preliminary point, Emaford proceeds to 
his principal esperiments. 

Witt tlie intuition of the true investigator, he remarks that 
" very interesting philosophical experiments may often ho mada, 
almost witliout trouble or espenso, hy means of machinery con- 
trived for mere raeehanioal purposes of the arts and manufiictureB." 
Accordingly, he mounted a metaliio cylinder -weighing 113.13 
pounds avoirdupois, is a horizontal position. At one end there was 
a cavity tin-ee and a half inches in diameter^ and into this was in- 
troduced a borer, a flat piece of hardened steel, four Inches long, 
0.63 inches thick, and nearly as wide as the cavity, the area of con- 
tact of Hie borer with the cylinder being two and a half inches. 
To measure the heat developed, a small round hole was bored in 
the cylinder near the bottom of the cavity, for tlie inserlion of a 
email mercoiM thermometer. The borer was pressed agiunst the 
base of the cavity with a force of 10,000 pounds, and the cyUndor 
made to rcFoive by horse-power at the rate of tijirty-two times per 
minute. At the heginning of the osperiment the teraperatnre of 
the air in the shade and also in the cylinder was 60°E. at the end 
of thii'ty minute, aiitf after the cylinder had made 960 revolutions 
ihe temperature was found to he ISO'E. • , 

Having taken away the borer, he found that 838 grains of me- 
tallic dust had been cut away. '■ la it pMsiblo," he exdaims, " that 
the very considerable quantity of heat produced in this osperiment 
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— a qnamtity wliioli actually rajsed the tomxierature of upward of 
113 poTuide of gun mBtal at least 70", could have been furnished by 
so inconsiderable a quantity of metidlic dust, and tliia merely m 
oonscqueaoe of a change la the capadty for heat J " 

To measnire more precisely the heat produced, he next snr- 
ronnded hia oylindei- by ah obiong "woodea bos in such a maimer 
tbat it could tarn watei'-light in the een&e of the box, while the 
borer was pressed against the bottom. The hos was filled with 
water nntil the entire oylinder was coyered, and tlio apparatus was 
sot in aotion. The temperature of the water on conimenoing wss 
60°. He remarlta, " The result of this heaottful osperimeat wns 
very Btrildng, and the pleasure it afforded amply repaid me for all 
the trouble I had taken iu contriving and arranging the comphcafed 
machinery used in matmgit The cylinder, had bees in motion 
but a short time when. I pei'ceived, by patting my hand into the 
watei" and touching the outside of the oyUuder, that hent was gen- 
erated." 

As the work contimied the temperature gradnnlly rose ; at two 
JiouTS and twenty minutes from the hegitmiug of the operation, tlie 
water was at 200°, and in ten minuteH more it actually boiled I 
Upon tins result Enmford observes, "It would be difScuit to do- 
Bcnhe the surprise and astonishment cspressod in the eountenanoes 
of the bystandera, on seeing so lai-ge a quantity of water heated 
and actually made to boil without any fire. Though tliere was 
nothing that could he considered very am^priaing hi this matter, 
yet I aetnowledge fidrly that it afforded nio a degree of oMdish 
pleasure which, were I ambitious of the raputatioa of a grayo phi- 
iMopher, I ought most certainly rather to hide than to diaeoYer." 

Enmford estimated the total heat generated as BufEdent to raise 
20.58 pounds of ico-eold water 180°, or to its boiling point; and ha 
adds, "from the rMufts of these oomputalions, it appears that the 
quantity of heat produced equally or in a continuous stream, if I 
may use the expression, by the friction of the blunt steel borer 
against, tiic bottom of the hollow metalUc cylinder, w^ greater 
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thaji that produced in the oombTiBtiou of nine wax oandles, eooh 
tliree-qnarters of aa inch in disimeter, itE LamiBg togetliei- witJi 
eleai- bright flames," 

"One horse would have.heea eqnal to tlie work performed, 
though two were aetunlly employed. Heat ma,j thiM be produced 
mwely by the atreagth of a horse, and ia a oaso of neeeKsity tliis 
might 1)0 used iu cooting yietuals. But no ciroumstanoes eonld be 
imagined in which thia method of producing heat could bo adyan- 
tageouB, for more heafc might bo obtained by umsg Hw fodder ne- 
ceasaiy for Uie support of tlie hoi-se, as fueh 

" By meditating on the results of all these experiments, we are 
miliurally brought to that great question which lias so often been 
the subject of speeulalioa among philosophers, namely, What ia 
beats Is there such a thing as an igneous fluid? & thei'e any 
thing that with propriety can be oalled caloric! 

" Vo have seen that a very ooBsiderable quantity of heat may 
be excited by the Motion of two metaUie surfaces, and given off in 
a constant stream or flux m all directions, withoat interruptioa or 
intermission, and -withoBt any signs of dlmm/ution or ex/uKittiim. 
Jb. rorraoniiig on this subject we must not forget that most remarh 
able eArcmrntawis, that the soui'ce of the heat generated by Mctdon 
in these experiments appeared eyidenily to be meahauattble. (The 
italics are Eumford's.) It is hardly necessary to add, that any 
thing which any insulated body w system of hodiea can eontinuo 
to ftimkh without limitatioTi, cannot possibly be a inatorial sub- 
stance ; and it appeal's to me to be extremely difBcult, if not quite 
impossible, to form any distinct idea of any thing capable of being 
excited aad commnnicated in tliose experinionfa, except it be no- 
■noK." 

So one can read the remai'kably able and lucid paper from 
which these extracts are taken, without being straok with the per- 
fect distinctnowwith whioh the problem to be solved was pre- 
Beoted, and tlie systematic Mid conclusive method of its treatment. 
Bumford kept strictly withia the limits of legittmate inquhy, which 



...Coogic 



XXIV INTBODUOTION. 

no inaa can defiae tetter than lie did. " I am very fai- fi'om pi-e* 
teDding to know hov, or by wtat means or mechanical eontii- 
Tanoes, that particular kind of motion in bodies, whicli has been 
suppofled to constitute heat, is exerted, oontinuefll, and propagated, 
and I shall not presnme to trouble the Society with new oonjeo- 
tnres. Bat alttongh the mechanism of heat should in part be one 
one of those mysteries of nature, "which are beyond the react of 
tnmaa intelligence, this onght by no means to discourage us, or 
even lessen onr ardor in our attempts to inyeatigate the laws of its 
operations. How far can we advance in any of the paths which 
science has opened to ns, before we find ourselves enveloped in 
those thick mista, which on evei-y side bound the horizon of the 
hnman intellect." 

Eumford'a experiments completely annihilated the material hy- 
pothesis of teat, while the modern doctrine was stated in esphoit 
terms. He moreover advanced the question to its quantitative and 
highest stage, propo^g to find the numerical relation between 
mechanical power and heat, and obtained a result remarkably near 
to tliat Anally eatabhshed. The English unit of force is the foot- 
pound, that is, one ponndfkUing through one foot of space; the 
unit of heat is one ponnd of water heated 1° F, Just flfty years 
subsequently to the experiment of Eumford, Dr. J. P. Joule,* of 
Manchester, England, after a most delicate and elaborate scries of 
experimenbt, determined that 773 nnits of force produce one unit 
of heat ; that is, 772 pounds falling through one foot produces suf- 
ficient heat to reise one pound of water 1° F. This Jaw is known 
as the mecb.amcal egmvaleDt of heat. Sow, when we throw Ruin- 
ford's results into these tei'ins, we find that about B40 units of force 
produced a unit of heat, and that, therefore, on a large scale, and 
at the veiy first trial, he came within twenty per cent, of the true 

• JauEB PmaooTi Joifili, tiorn Deoembcr Mth, 1618, at Salford, near Mmcliealei; 
England wSera lie pursued the ocenpsUon of e, brewer. Long" and deeply detotcd 
tQ Belentlfio mTestigtttlon, lie beciime s mcmbei' oC the Mancliester PliUosopliIoal Bo- 
oiety io 3843, and of tlio Eojal Soiaetj of tondon fn laao. 
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Btateiiicnt, Ho aocouEt wM latea of the Jisat lost by radiation, 
wHah, considering the Mgli toi«j>eratwQ produosil, aiid the dura- 
tioii uf the t-sperimeat, nmst have been oonaderahlo ; ao that aa 
Kumfoifi hini'JLlt notieed, this vduo must he too high. The esr- 
lio t Bttmeiic^l lesnlts m adonoa are rarely more tlwm roagh sp- 
prosiiQtttions, yet tliey may guide to the ostablishmeut of gi'Cat 
pnnciplos Ccitflmly no one could question Daltoa's oloim to the 
disflovery ot the lot of definite proporMons, hecftnso of the inac- 
cnraoy of the immhois Tipou which, he first rested it. 

"Wa are called furthei; to n.ots that Euniford'a ideas upon the 
general snhjeot of*foroes were far in. advanoo of hig age. Ee saw 
the relalioB of all fiietion. to heat, aj\d suggested .that of flnids, hj 
ehumiug prooeasGiS, as a means of pi'odiidng it—pi-emsely the 
method flaslly employed by Joole in ^tahBshiiig the niechai^os] 
cqmvaleEt of teat. He forthei-more regai'ded nnimala dyna-mi- 
calls, oonsttdering their fiwce as the doriTatiro of their &od, and 
therefore us not created. That Eumford lield theao "uiewa in the 
oompreheosiye and matm'ed sense in which they ai'o no-w eates- 
tained is, of courae, not asaei'ted. The odyanoe from hte day to 
oars has been prodigious. "VYholo seioncea liavo been created, 
which aSbrd the moat beantifal esemplifioaUona of Uie new doc- 
trines. Those docMnes have received their autacixueat dcTeiop- 
meat in vaii.oa3 diredions by many miads, bat we may ho allowed 
to qnestioa if the contributioiw of any of their promotera will sur- 
pasB, if indeed thoy will eqaal, the Yaiue aad importance whioh we 
mast asKga to the first great esperimental stop in the aew direo- 

The claims of Eamfovd may bo amnniavized as foUowa : 

I. He wfla the maa who first took the (question of the natm-a 
of heat ont of the domain of mtitaphyaos, where it had 
■ been specidated upoa aiuoe the time of Aristotle, aad 
placed it apon the t?ne basis of pbyac^ eKperiment. 

It Ho first proved the insufiicienoy of the oan-ent esplaaatioua 
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of tlio sources of heat,' and demonstrated the fcalsltj of tha 
pi'eitailing view of its materiality. 

in. He first estimated tlio ciuantitative relation between the ieat 
prodaoed bj friolaon and that bj oomhustion. 

IV. He ifrst showed the quantity of heat produced by a definite 
amount of meclianical work, and ai-rived at a reanlt re- 
markably sear tho flnaUy established law- 

* v. He pointed ont other methods to be employed in determining 
the omount of heat produced by the expenditure of me- 
ehanioal power, instancing particularly tlio agitation of 
water, or other liqnids, as in dinrning. 

YI. He regarded tho power of animals as due to their food, there- 
fore as having & definite source and not created, and thua 
appBed his views of force to the organic world. 

Vn. Eumford was the first to demoastrato the ([uantitalive con- 
vertibility of foreo ia an important case, and the first to 
reach, experimentally, the fundamental conclusion Ujat heat 
is but a mode of motion. 

In his late work upon heat. Prof. Tyndall, after qaotiag co- 
pioady from Eumford's paper, remarlra: " "Wlien the history of tho 
dynamical theory of heat is wiltten, the man who in opposition to 
the scientific befief of his time could eiperimont, and reason upon 
experiment, as did Eiunford in tiie investigation here referred to, 
oannot be lightly passed over." Had other English writers been 
equaUy just, fliere would have been loss Bocessity for the foregoing 
exposition of Eumford's labors and claims ; but there has been a 
manifest disposition in varioas qnarters to obscure and deprotaate 
thean. Dr. Whewell, in his history of tlie Indaotivo Sriflnces, 
treats tl:io subject of themiotios without mentioning him. An em- 
inent Edinburgh professor, writing recently in the Phiiosophioal 
Magazine, nnder tho confessed influence of 'patriotism,' under- 
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takes to make the djnaipioel theory Of lieat an English, monopoly, 
due to Sir Isaac Kewton, Sir Hamphiy .Davy, and Dr. J. P 
Joule ; while an ahle writer i» a lato number of tho JTorth Brilisili 
Eeview, ia sketching the historio progr^a of tho new views, puta 
Davy forwai'd as their founder, and assdgna to Eumford a minor 
and Bubaecpent place. 

Sir Humphry Davy, it is well known, oai-iy rejected tlia ealoiio 
hypothesis. In 1709, at tho age of twenty-one, ho published a 
traot at Bristol, deawibing soma ii^enioua experiments upon the 
subject. It was the puHioatiou of this pamphlet whidi brought 
him to Eumford.'s notice, and resulted in hia subsequent oonneolion 
with the Boyal Institution. But Davy's ideas upon the question 
woi-o fiir fi-om dear, and will bear no oompaiisoa with those of 
Enraforc!, published the year b^ore. Indeed his eulogiat remarks ; 
"It ia certaia that even Davy himself was led astray ia his argu- 
ment by using the hypothesis of change of capacity as the basis 
of his reasoning, and that ho might have been met snccMsfnlly by 
imy able calorist, who, though maintaining the materiality of heat, 
might have been willing to throw overboard one or two of Uie less 
eraential tenets of hia school of phUosophy." It was not til! 1813 
that Davy wrote ia his Oheraieal Philosophy, " The unmodiate 
cause of tho phenomena of heat then is motion, and tho laws of its 
communicatios are precisely the same as those of the oommunica- 
tion of motion." When, therefore, we remember that Davy's flrat ' 
publication was subsequent to that of Enmford'a, that he confined 
himself to the naiTowest point of the subjocti the simple question 
of the ssjatence of caloric,' and that he nowhere gives evidence 
of having tho slightest notion of tho quantitative relation between 
mechanical force and heat, the futility of the daim which would 
make him the experimental founder of the dynamiosd theory, is 
sbnndantly apparent. 

The inqniiies opened by Ennifoi-d (oid Davy were not formally 
pursued hy the sueceeding generation. Even the powerful adhe- 
Soa of Dr. Thomaa Young— pei-hapa the gi-eatest mind in science 
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eince Newton — failed to give craroiicy to the new "riows. But the 
salient and impregnable demonsh'ation of Emnford, and the ingen- 
ious oxpeiiments of Dayy, facts wWch. eonld neither be evaded nor 
Iiarmonized witli the prevailing errors, ■were not without influence. 
Tliat there was a geueral, though unoonadons tendency toward a 
new philosophy of forces, in the early inquirioa of the present cen- 
tury, is alioTTO by the fact that various scientiflo men of different 
nations, and with no knowledge of each other's lahoi^, gave ez- 
pression to the same views at about the same time, efrove and 
fonie of England, Moyer of Germany, and Oolding of Denmark, 
announced tliegenei'aldoctrfnoof the mntual relations of the forces, 
with more or less esplioation, about 1842, and Seguin. of li'raaoe, 
it is claimed, a little earlier. From this time the subject ■waadiwely 
purauod, and tlie names of Helmholta, Holtzman, Olansius,* Faraday, 
Thompson, EanMno,-!- Tyndall, Carpenter, and others, are infenatoiy 
asBooiflted with ita advancement. In this country Pi'Ofessors Henry % 
and Leoonte § have contributed to iHustrate the organio phase of tlie 
doctrine. 

I cannot iei-e attempt an estimate of &<i rospeotive shares 
whidi tliese men liave had in eonstraeting the new theories; the 
reader will gather various intimations upon this point froia the 
snooeeding essays. Tlie foreign periodioala, both soientiflo and lit- 
erai'y, show that tlie question is being tiioronghly sifted, and mate- 
rials aoomniJaling for the future history of the subject. The para- 
mount claims m'e, however, those of Joule, Mayor, and Grove. 

' ClfAUSUffl, Ktidglph Jttlids Iimaj^cbl was bom at CiSsliH, PomiHeni. JOEiiary 
S2, 1628. He baomio PnifMBor of Phiioeopliy sod Ptiyslcs in Uio rolytochnio Bduwl 
Bt Znrioii ia IB5S, and tbon Profossffl' of iha ZiMOh UniTci^aity (18BI>, He-Has stMi- 
waida tflaebor of Thj^B and ArtlUerr in Qis achool of Boriln, aaS then ptlTata 
lesokor of Hi8 UiiiTetBitJ of Hist plscf, 

t EiBKniE, "WiiiUH Jobs MioeBOBH wos Ijorn at EiUslimsh, Ja!y 6, 1820. Ho 
13 s civil enefooer In GIas?o-n-, a menibei of the PUloeopiilMl Soclitjr at tliat jilocB, 
and of thB Eo^ Sodety ot Loiiclon. 

+ Boe the artlela "Metaoralogj'," in tlie Agricnltiiml Kepott of liie Patoat Office, Ite 
185J. 

g 9qs Ois Amraican JDomal of BeIctcb foi' Not. 1B39. 
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Aeoordii^ to litis etrieii rsilo of edence, Biat in all those cas^ 
where esperimental proof ia posaibie, lio wlio first supplies it is the 
teas diaooverer, Br, Jotila must bo essigiied. flio forcmoat place 
among tJie modem iuyesligatoi's of tie Hntgeot. He dealt with the 
whole ([uestioii upon the basis of espariment. Ho Jobored with, 
great perseveraaco and akin to determiue the meohanieal ecpivalent 
of lieefr— the cornei'-stoae of the eiMoe; atd in acoomplialiing thia 
restdt in 1830, he raaj be said to ha^e matured the work of Eumford, 
and flaolly estalilwhed v^on an oxperimaatal basis the great law of 
thermo-iijnaimeB, to remain a demoasti'ation of BOienco foroToi-. 

Professor Gtrovo has also worked ont the eubject in his own in- 
dependent way. OombiBing original esparimental investigafiona 
of great aoutenesH, with the pMlosopHo employment of the gen- 
eral results of soieace, he was the first to ^¥e complete and sjBtom- 
atio expressioa to the new views. His able work, which opens 
the prasout series, is an anthoritatxye ospoaitioti, and an aoknowl- 
edged classic upon the aabjecb 

Agrin, the dMma of Dr. Mayer to an eminent imd eimatele 
place mnong the pioneers of this great sdentifle moYomrast, ai^ un- 
qnwtiosalde. There h^ eyidentiy been, on the part of some Eng- 
glish writers, aa nnwortliy inolioalion to deprecate Ms merits, 
wliioh has given rise to a sharp and searoMng oontroTocsy. The' 
iateUeotntd lights of the German pMioaophor liavo, howeYor, been 
dodsivelj vindicated by the oliivalric pen of Prof. Tyndall ; and it 
ia to the pnbhe interest thus exeitod, that we are indebted for tfie 
trandatiou of Mayor's papers, which appeai- in. this yolnme. Mayer 
did not experiment to the extent of Joule and Grove, yet he well 
knew its importance, and made sueh inveefigalionH us liis apparatus 
and the duties of a laborious profession would allow. Yet his 
viowa were not therefore mere ingenious and probable conjectures. 
Master of the results of modei'n scionee, and of tlie mathematioal 
methods of dealing with thom, pMsessing 3 broad phdoaophio 
grasp, and an estraordinary mental perinnacity, Br, Mayer coitered 
early upon the inqniry, and not only has he developed manj- of its 
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primB applications in aiTance of any other thinker, but he has 
done his work Tmdei- drcnmBtanceH and in a manner which awa- 
kens the liighest admiration for his genius.^ 

An eminent aiitEiority has remarked 'tliattli^E discoveries open 
a region which promises pMseasions richer llian any hitherto 
granted to the intelleot of man.' Inrolving as they do a revolution 
of Smdamental ideas, their consequences must be as oojnprehen- 
sive M the range o£ human thought A principle has been devel- 
oped of all-pervading application, whioli brings the diverse and 
dtotant branches of knowledge int-o more intimate and harmonious 
alliance, end affords a profounder iuaghtlnto tlio univei'sal order. 
Sot only is science itself deeply afleoted by tiio proaentatlon of its 
qaestiona, in new and au^estive liglitfi, but its method to at once 
made universal. There is a crude notion in many minds, that it ia 
the bumne^ of sdenoQ to occupy itself merely with the study of 
matter, "When, hitherto, it has pressed its inqniries into tlio liigher 

* PcGf. Tjndall rtjfliitkfl: "Mayer prolKibly bad not tlie mfnoa of miLklBg axperl- 
laonta ilmsilf, init !ii) raUBCWkad Oia Mooi^ of eipadmoDta! aiScncc tor Mo cl»la, and 
lliBO oot5ftrcsiI apon J)i3 writiBgB a strengfli which mrao speralsy™ con aeror poasusa.' 
lH>m Uia eiliMta which I biye ^ysb, tha ceiaiec moj- infar hfa stronj danre for quim- 
tTtativfl Etcrairocy, tliA deai^osa of hla Insi^ht^ ahd the Qrmnoos of his graap> ^g^^- 
tng the reeognlMon which wlH 6b ulUmotoIj Eooordea to Df. Mnjer, 3 ahado of troabia 
Of dooht has oem cnBBtd iiij- loind. InaiYiduBb msy eeek to pull hiin down, bnt 
their efitets will ho QDsyoilii^ as long as suck svldenee of Ills genius esists, aad aa 
longBBthe genei'al jnind of huiaanlty JH infucQC^d "bj" eonsidemliona of Joatics and 
buth. 

"■nie paiuSij of iBCfa hi Mayer's time haB l)ecn urged as If It were a reproach, to 
him; bat it ought lobe rcmenibetod that the quanttty oE^ot nocesjaFj to 11 gBnerallza- 
tion 1b aiff6«at for dllPerBOt mhidB. ' A word to tie niao is eutfidont Ibc Item,' and 
s Bin jle ,Eiet In oome minOa hears fnili fliat a hundrod cannot prufluoe in otiiors. 
Mnyer'a dati ivora oomparatlTaiy sfflu^, but his geni^ sent fer to supply tho lack irf 
Bspcrimenl, by enabling him to see oloarly the bosiii^or aueh ftots m ha posBCSSed. 
Tho; onablel lilm to ttdnk out the lair of conserrB^on, and Ue GondDalana rcoeircd 
the stamp of ccrlointj- from the snbsequent osperhnentfll labors or Mr. Joule. Ih raf- 
orenee to their oomparatiYe merits, I wonld eay that as Beer and Gsncrnliser, Maj-tr, 
in my. ophifon, stands flr at— u! esrperimpntai piiimeiphsr, Javlf,'- 
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regiori-of life, mind, society, history, and odnoation, the traditional 
oustodiana of these subjects Iiava bidden it keep within its limita 
and stick to matter. But sdenco is not to be hampered by this 
narrow conception ; its ofBco is nothing less than to iiiYGstigate the 
laws and universal relations of force, and its domain is therefore 
coextensive with tlie display of power. Indeed, as we know noth- 
ing of matter, except through its manifi^taiion of forei^ it is ob- 
vions that the snidy of matter itself m at last resolved into the 
study of forces. Tlie ostaWialtment of a new phOMophy of foroes, 
therefore, by its vast extension, of the scope and methods of sci- 
ence, constitutes a momentons event of intellectual progress. 

The discnssions of the present fohime wiU mate folly apparent 
the importance of the new doctrines in relation to physical science, 
but their higher implications ai'e but -partially nnfolded. In the 
conoludiug article Dr. Carpenter has shown the applioability of the 
principlo of correlation to vital phenomena. His argument is of 
interest, no^ only hcoause of the facta and prindplea established, 
but as opening an inquiry which mnst lead to still larger resuHa : 
for, if the principle he found operative in fundamental organio 
It will undoubtedly be traced in those which are higher ; 
n th.e lower sphere of life, then throughout that sphere. If tha 
ce rr 1 ted m (, m "t wth d nutrition, they must be 

ti d thns h man ti ty, in all its forms, is 

ht th th p t f th 1 w As ft creature of or- 
1 t d f rce from, 'the outward 

1 n, bil fy, of inteliectnal power 
m t b ded as amenable to the 

bbl d iudestruotible i . and as 
f mind and the science of 
U) th lifi rent phases and forms 
f h 8 til p m pi m t be of the profoundest 

mp t It t th g t Ij t 

The forces mamtested m the living system are of the most 
varied and unlike character, mechanical, thermal, luminous, electric, 
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1, uervons, sonaory, emoliounl, and intelloetoal. Tlmt tlioso 
forces are pai'fectly co5rtliaatecE — tiiat there is some dEfinite relation 
among them which esplains the mM-velions djuaniio ^imty^^f fiio 
liying organism, does not admit of ciueBlion. That tliis ralatioa is 
of tlie same natnro as thitt -which is foned to exist among tbo 
purely phyaical forces, and whioh is espr^sed hy the term ' Correl- 
ation,' seems also aljTintlaiitly oyident. Fi-om the great complex- 
ity of tho conditions, the same exaotnras will not, of course, be 
ospooted here as in the inorganic field, tut this is one of the neces- 
sary limitations of flU physiological and psyohologicfll inquiry; thus 
qualified the pro(rfs of the corrdatioE of the iierro^ and mental 
forces wilh. the phymcal, are as clear and dedgiye as those for tho 
physical forces alone. 

If a ouiTcnt of eleotridty is pissed throngt a small wire it 
prodocoa heat, while if heat is applied to a certain oomHnation of 
metals, it reproduces a current of electricity; these forces ai'e, 
therefore, correlated. A carrent of electricity passed through a 
smdl portion of a motor or sensoiy nerve will excite the nervo- 
foree in Hie remainder, while, on the othci' hand, es is shown in. tho 
(iaas of the torpedo, the nerve-force may generate eioctricity. 
Herye-foroe may produce heat, light, electricity, and, ss we con- 
stantly experience, mechanical power, and these in ihdr*tuni may 
also excite nerve-foroe. This form of energy is therefore dearly 
eniitled to a place in the order of correlated agencies. 

A^ain, if we take the highest tbrm of mental action, viz. ; wOl- 
power, we find that while it oommanda the movements of the sys- 
tem, it does not aut directly upon the mnsdi^ hut upon tlie cerebral 
hemispheres of the brain. There is a dynamic chain of whioh, 
Toluatary power is but one link. The will is a power wMoh oxdtos 
nerye-foroe in tho brain, whioh again oscitos inecbanioa! power hi* 
tho musdes. "Will-powor is liherefore correlated witli nei-ve-power 
in the same manner iw the latter is with muscular power. Dr. 
Carpenter well observes: "It is difficult to see that the dynamical 
agency whioh we term will is more removed from nen'o-force on 
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flie oae baad than noiTO-force is removed from motor force on ths 
other. Each, ia giTsug oiigin to tte aest, is itssif expended or 
oeasi® to esist as evc/t, and eaoti bears, in its own intensity, a pro- 
dse relation to tliat of ita aateoedeat aad Ha consequent." We ha-vo 
hero oiJy space hriofiy to trace the principle in ita applicatioa to 
Boasations, laotiona, and intellootual opoi'atioas. 

The physical agencies acdng npon suaaimate objects ia the 
esternal world, change their form and stato, and we regard those 
ohangiw 88 transfonned maaifestations of the forces ia action. A 
"body is heated by haimaering ; the heat ishut trai^mnted mochani- 
ofll force; or s body is put in motion by heat, a certain qiiBntity 
heiag transformed jnto mechanical effect, or motion of 13ie ma^. 
And so it is held that no force ctui arise esoapt by the expenditai-o 
of a preexisting force. "Sow, the liTing system is Bot«d upon by 
the same agencies and under tlio same law. ImpressioaB made 
upon the organs of Beaso gire rise to aoiaatioaa, and we have the 
same warrant in this, as in the former case, for regarding the effoote 
as transformatioBS of tho forc^ ia action. If tho change of 
moIscnlM' state in a melted body represents the heat tranafoimed 
itt fliMTig it, BO the sensation, of ivarmth ia a liyuig body mast 
represent tlio heat transformed in prodncing it. The impression on 
Hie retina, as well as tlsat on tlie photographic tablet, rosnlts from 
the transmuted impulses of light. And thus impressions made 
from moment to momcmt on all oar organs of sense, are directly 
correlated with external physical forces. This eorrdatioa, fnrtliei-- 
more, is quantitative aa well as qualitative. iTot only do^ the 
light-foroe produce its peculiar sensations, but the intensity of those 
hensatiouh correspond with the intensity of the force ; not <mly is 
afmospheriij vibration transmuted into the senae of sound, but the 
energy of the vibration determines its loudness. And so in all 
ottei .abcs the qnantity of sensation depends uijon tho quantity 
of tlie force acting to produce it. 

Moreover, sensations do not terminate in themselves, or coma 
to nothing ; thoy prodnco oei-taiu coiTelatad and equivaJpat effects. 
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The feelings of liglit, h.mt, sound, odor, taste, proKsare, are im- 
mediatsly followed hy pliydological effects, as seereiioi!, mnscalar 
aotioB, &e. Senaations inoi-eaao the contiraotioua of tho lioart, and 
it taa been lately maintMned tlmt every sensation ecntraota the 
miiBculai- flbi-es tteonglioiit the whole vascular system. The res- 
piratory mnacles also I'eapond to aecsations; the rate of breathing 
being inoreaeed by both pleasurable and pinnM nerTe-iraprcSdons. 
The quwiinty of sensation, moreoyer, coatsrols the tiuantity of emo- 
dou. Loud sounds produce Yiolent starts, disagreeable twites cwiHO 
W17- faces, aad sharp pains give rise to yiulent etrujigles. Even 
when groans and aias are snppresscd, the clenched hands and set 
teeth show that tlie mTiscnlar excitement is only taking anotliev 
direotioa. 

Between the emolioaa and bodily actT033s the correlation and 
equiyalenee are also equally clear. Modoi'atc acttons, like modei'ate 
eensatioas, excite tho heart, tlie vosoular syatem, and tlio glandular 
organs, is the emotions rise in attengtii, however, the various 
systems of nmaolea are thrown into action ; and when they reach a 
certain pitch of intensity, violent convulsive niovementa ensue. 
Anger irowus and stamps ; grief wrings its hands ; Joy dances and 
leaps— the amottut of senaalion determining tho quantity of con^ela- 
tive movement. 

Dr. Carpenter, in Ms Phy^ology, haa brought forward numerons 
esemplificationa of this principle of tlie eonvorsirn of emotion mto 
movement, as seen in tlie common workings of hmnau natuie 
Most persons have experienced the diSeolty ot sitting stiE nndui 
high extatement of the feelings, and also the ichat allurdod bv 
walking or active exerdse ; wMle, on. the otber liaad, i epre.i3ion of 
the moTements protraeta the emoliciual ezcitemeat. Mmij iiasciblo 
persona get rdief from their irritated feelings by a hearty espiosion 
of oaths, othem by a violent slamming of t!ie door, or a prolonged 
fit of grumbling. Demoi'strative persons habituaUy expend their 
feelings in action, while those who manifest them le^ retain them 
> longer ; hence the former are more weak and transieut in tlieir 
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attaoliinents tlian tlo lattei-, whose imexpended emotions ht'oomo 
peniiaiienl; elementa of character. For tlie aivmo roasoii, those who 
are loud and vehemeat in their lamGntationa seldom die of grief; 
while flie deep-seated emotions of sorrow which others camiot 
work off in Tioleut demonstrations, depress tiie organic fanelaons,* 
mid often wear oat the hfe. 

The iatelleotual operations are also directly coi-rehited with 
physical activities. As in the inorganic world we know nothing 
of forces excapt as exMhited bj matter, so in the higher intellectual 
realm we know nothing of mind-foree except through its material 
manifestations. Mental operations are dependent upon material 
elianges in the nervous system ; and it may now be regarded as a 
fimdamental physiological principle, that "no idea or feeling can 
arise, save as the result of some physical force expended in pro- 
dueii^ it." The directness of this dependence is proTed by the 
fiiot tliat any distm-hanoe of the trrin of cerebral traasformationa 
distairbs mentality, while their arrwt destroys it. And hei'e, also, 
the correlation is quantitative. Other things being equal there fe a 
relation between the size of the nerve apparatus Imd the amount 
ofmental action of which it is capable. Again, it is dependent 
upon the vigor of the drcnlation ; if this is arrested by the cessation 
of flia hearVs action, total imconseibusness results ; if it is enfeebled, 
mental action is low ; while if it is quiolcened, mentality rises, even 
to deiirinm, when the cerebral activity becomes excessive. Again, 
the rate of brtun activity is dependent . upon tho spemal chemical 
ingredieuts of the Wood, oxygen and cai'bon. Increase of osygeu 
augments cerebral action, while iucrease of carhouio acid depresses 
it. The degree of mentality ia also dependent upon the phosphatic 
oonstituoats of the nervous system. Tha proportion of phosphorus 
in the brain is smdlost ia infa*.oy, idiocy, and old age, and greatest 
during the prime of life; wMe the quantity of alkaline phosphates 
esoretod by the kidneys rises and falls with the variations of mental 
aelivity. Tho oquivalenoo of physical agencies and mental effects 
Ea still flirther seen in the action of various substances, as alcohol, 
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opium, haaliisli, aitrons osido, etc., wlien abaoi-lied into the tlood. 
Witlun the Wmits of Hieir peoaliar action upon flie nerTcms osntras, 
the effect of eadi ia atricfly propoiliounte to the c[Haiitity titken. 
There ia a oouatant ratio between the antsaedenta sad con&cquonta. 

" How this mistamorphosis takes place— how a foi-oo exislang 
US motion, teat, or light, oaa heoomo i mode ot ronsoionaneia — 
how it is possiHo for aSrisd yibratioiis to genciato tlio Banaatioa 
we odl sound, or for tlie forces Jiberat-od by ohemical changes m tho 
btfdn, to give rise to emotion, these me mj^tenea whioh it is im- 
possible to fatiiom. But thoy are not piofomi<!er mystenra than 
the trnnHfoimation of tlie pLyaical foroes into eaol: other They 
are not more completely beyond our compi e1ieiiBio)i tlioii the 
natnrfs of muid and mattoi". They have wmply the same msoln- 
bjlii^ as all other ultimate queationa We can leara nothing more 
than feat liero ia one of the nnlformilioa in the oMei- of plie- 
nomcna," 

The la* of coiTelation being thus applicable to Iinman energy 
aa well as to the powers of nature, it mnst dao apply to society, 
wbere we oonstantiy witness the conversion of "foroea oa a oompre- 
henfflVB scale. The powers of nature are traDaformed into the aotiT-' 
itiea of eociety; water-power, wiad-powor, steam-power, it!id eleotri- 
eal-power are pressed into Uie aooiiJ. service, rednoing Imman labor, 
mnltiplyiGg resources, and carrying, on aumberie^ indnstrial pro- 
oeeaes : indeed, the eoavorsios of tiiese forces into social activities 
is one of tie oMef triumphs of civilizalioiu The universal forces 
of heat and ligM are transformed by tto vegetable Wngdom into 
the vital energy of organic componnds, and then, bh food, ai'o agdn 
converted into humaa beings and Immaa power. Tbe very exiat- 
eueo as well as the activity of sodetj are obvionsly depBDaent apon 
the operaUons of vegetable growth. *Wlieii that is abuadaiit, popu- 
lation may become dense, and social activities mnltifw^ons and 
complicated, while a scanty vegetation entails spai'se population 
and enfeebled sooii^ action. A.ny universal dtotnrhanoo of the 
phydeal foicia, as excessive rains or droufcli, by reducing the har^ 
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vest, is felt throughout the entire social orgamsm. Where this 
effect is marked, and not counteracted by free oommunication with 
more fei-lile regions, tlie means of the community become restricted, 
buBiaess dediues, manufactures are reduced, trade slackens, travel 
fells off, luxuries are diminislied, education is neglected, mai'riages 
are fewer, sind a thousand kindred results indicate decline of enter- 
prise and depression of the social ener^es. 

In a dynamical point of \iew there is a strict analogy between 
the individual and the social economies — the same law of force 
governs the development of both. In the case of the individual, 
the amount of energy which he possesses at any time is limited, 
and when consumed for one purpose it cannot of course he had for 
another. An imdue demand in one dii'eetion involves a oorre- 
epotiding deficiency elsewhere. For example, esoessive action of 
the digestive system exhausts tlie musculw and cerebral systems, 
while oscessive action of the muscular system is at the espense of 
the cerebral and digestive organs ; and again, escwsive action of 
the bi-ain depresses the digestive and muscular energies, If tlia 
fiiud of power in the growing constitutions of children is overdrawn 
in any special channel, as is often the case by excessive stimulation 
of the brain, the nndue abstraction of enei^ from other portions 
of the system is sure to entail some form of physiological disaster. 
So with the social organism ; its forces being hmited, there is hut a 
definite amount of power to be consumed in the various social 
activities. Its appropriation in one way mafces impossible its em- 
ployment in another, and it can only gain power to perform one 
function by the loss of it in other directions. This fact, that social 
force cannot be created by enactment, and that when deahng with 
the producing, distilbuting, and oommerdal activities of the com- 
munity, legislation can do Uttie more than interfere with their 
natural courses, deserves to be more thoroughly appreciated by the 
public. 

But the law in question has yet higher bearings. More and 
more we are perceiving that the condition of humanity and the 
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pi-ogre^ of d-vilizatiott are direct rteultnnts of blio forces by wMdi 
men are controlled. What we term the moral order of societj', im- 
plies a Btriot regularity in the sotjwi of theso forces, Modsrn ita- 
tisticB disclosa 3 remarkable constaaoj in Ql& moral Rijtivitios maii- 
ifestod in lioninninities of men. Crimea, and even the modes of 
crime, have T>eeu obserred to occur witli a uniformity which admits 
of tbdr prediction. Each pei-iod may therefore he said to have its 
definite araonnt of mor^ity and justice. It has hcon maintained, 
for instance, with good reason, that " the degree of liberty a peo- 
ple is capable of in any ^vea age, is a fixed cpaiitaiy, and that any 
artifloial extension of it in one direction hiinp about an oqniva- 
Ifflit liinitalioii in some other direction. Treneh rovolutionB show 
scarcely any mors respect for individnal riglits tlian the despotisms 
they supplant ; and Hrench electors use their freedom to put 
themselves again in slavery. So in tliose communitieB where State 
restraint is feeble, we may expect to find it sapplementod by the 
Htemer restraints of pahlic opinion." 

But society like the individual i& progressive. Although at 
each stage of individual growth tlia forces of the organism, physi- 
ological, intdleotaal, and passional, have eacli a ctytftin definite 
amonnt of strength, yet these ratios are constantly changing, and 
it is in this'ehange that development e'"eential]y consista. So with 
Booiety; tiie me^ured action of its foroes gives rise to a filed 
amount of morality and liberty in each jige, but that amount in- 
creases with social evolution. The savage is one in wJiom certain 
claases of feelings and emotions predominate, and ho hooumes eivil- 
ked jnat in proportion as these feeling are slowly reiilaoed by oth- 
ers of a liigher cbai'actor. Yet the activities wMcb detennino 
liiimaiL advancement are various. Not only must we regard tlio 
physiolo^oal forces, or those which pertain to man's physical or- 
ganization and oapaoitiea, and the psjoholo^oal, or thoso resulting 
from his intelleetud and emotional cosatitation, but the irtUuonocs 
of the external world, and those of tho aocinl state, are likewise to 
be conadered. Man and society, therefore, aa viewed by the eye 
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of scionca, present a series of vast and complex dynamical problems, 
■wMdi are to bo studied iu the future ia tiio light of the great 
law by which, wa have reason to believe, dl forms and phases of 
force are govemod. 

A fartiar aspiaot of tlie subjoot reniaiiia sfill to be nofeed, Mr. 
Herbert Spencer has the honor of eroweing this sublime inquiry by 
showing that the law of the couservalion, or ashe prefers to t^rm it 
the 'Persistence of Force,' (is it ia the underlying pAidple of dl be- 
ing, ia also the fandamental ternth of all philosophy, Witii masterly 
analytic skill he has shotra that tliis principle of wMch, the human 
mind has just become ftiUy consdons, is itself the profonndest law 
of ilie human minti, the deepest foundation of consoionsness. He 
haa demonstrated that the law of the Persistence of Force, of wMcii 
the most piercing intelleota of past liines had bnt parHal and im- 
satisfyiug gHmiaea, and ■which the latest scientiflo research has 
disclosed as a great principle of nature, has a yet. more traJiscendent 
character ; is, in fsot, an li priori terth of the highest order — a 
tmth whioh is neoossarily iavolved in our mental organization ; 
which is broader than any posriblo induction, and of higher ■calidity 
than any other traih whatever. This principle, which is at once 
the highest result of scientiflo investigation and metaphysical 
analyds, Mr. Spencer has made the haais of hia new and oompre- 
hentave System of Philosophy; and in the first work of the series, 
entitled " First Principles," he has developed the doctrine in its 
hroadest philosophic aspects. The lucid reasoning by which he 
reaches his eonclnMons cannot he presented here ; a brief extract 
or two wiU, however, serve to indicate the important place asdgned 
to the law by this acute and profound inquirer : 

" "We might, indeed, be corlain, even in the absence of any such 
analysis as the foregoing, that there must exist some principle 
which, es being the basis of science, cannot be established by sci- 
ence. All reasoned out eonelnsions whatever must rest on some 
postnlate. As before shown, we cannot go on merging deiivative 
truths in tliose wider and wider truths from wliioh they are de- 
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rived, without reaaliing at last a widest ti'ufJi w'. 'aU caa bo mci^d 
in ao other, oi- Ueiived from no otber. And wlioever oontamplates 
the reJatton ia -wMck it stands t« the trntlis of Bdonce in general, 
will see that this truth, traasceuding demonstration, is t3io Porsist- 
euco of force." * * * 

"Suoli, then, is the foTrndation of anj possible sjatem of posi- 
tive kaowMge. Deeper than deTnonstration — deeper even than 
definite cognition— deep as the very nature of niiiii3, is tlio postu- 
late at wliich we have arrived. Its authority transcends all others 
whatever, for not only ia it pvon in the constitution of our own 
conadonsnras, hut it is impossihie to ima^ie a conscioiisiioss so 
coastitateil as not to give it. Thoaght, involving mmply the estab- 
lishment of relations, may he readily conceived to go on ivhile yet 
thcae rcUtiena have not been organized into the absti'aota we call 
space and tune ; and bo there is a conceivable kind of oonsciouanesa 
whicli does not contain the truths commonly called (ip}-it>ri, in- 
volved in the organization of those forms of relations. But thonglit 
OMinot 1)6 conceived to go on without some element between which 
its relations maybe established; and so there is no oonoeivaMo 
kind'tof eonsciouaneaa which does not imply continued eaastonoo as 
its datum. Ooneoiousness iviihout this or that partioulsr fonn ia 
possible ; but consciousness witliout edntmU is impossable. 

"The sole trath which transcends experience by miderlyingit,ia 
thus the Persistence of force. Tliis bdng the basis of esperienee, 
must he tite basis of any ecientifio organization of esporiennes. To 
tliirt an ultimate analy^s brings us down; and on this a rational 
synthesis must be bailt up." 

To the question, What then is the value of experimental inves- 
tigafions upon the subject, if the tmtli songht cannot he estab- 
lished by inductions from them? St-. Spenoe? replies: "They are 
of value as diselo&g the many paridcnlar implications which Hio 
genera! ti-ntiL does not specify ; they aro of value as teaching us how 
mnohof one mode of force is flie equivalent of so much of another 
mode ; they are of ralne ^ determining nnder what condiMons each 
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metamorpiiosis oos-:ir8 ; and they are of Taluo aa loatling us to ia- 
c^uive in wliat shape tbo reiaiient of foreo Ma eaoaped, wlien tho 
apparent I'^ulls are not eqiiivajoiit to the oanse," And it may bo 
added, that it is to those inyestigalions that we are indebted for tho 
clear and oompreJiensiTe eetatBahment of tho piripdple aa a law of 
phjMcal natni'C ; psychologicfll analysis having only s^hown fliat it 
estonds much farther than it m tho hnsineHS of experimental sdeace 
to go. 

Xhns the law ohnracterlzed by Fai'aday as tlie tigheat in pt^ 
ical scienoe which our faculticH pei-mit ns to pei^iTO, hm a fax 
morp extended sway; it might well have been proclaimed the 
highest law of all acienoo— the most far-reachtag principle that 
adTeutnriitg reason has discoyered in the nniTSi-se. Ita stupendous 
readi sptuis all orders of existence, Not only does it govern tho 
movomonts of the lieavonly Ijodios, but it presides over the genesis 
of tho oonsteUatJons ; not only does it eoatrol those radiant floods 
of power whioli fill tho eternal spaces, bathing, wai-ming, iDnmining 
and vlyifying our planet, but it rules tfte actions and relalJona of 
men, and regnlatas tie march of teiTOstrial affairs. Hor is it^ do- 
minion limited to phyaoal phenomena ; it prevails ec[nfiDf iif tho 
world of mind, controlling all the faonlties and prooaases of thought 
and feeling. The star-sans of the vemoter galaxies dia't their ra- 
diations across tho nniverao ; and although the distanoes are so pro- 
found that hundi'cds of centuries may have boea reqnu'ed to traverse 
them, the impulses of force enter the eye, and impressing as atomic 
change upon the nerve, ^To origin to the sense of sight. Star 
and nervo-ti^uo are parts of the eamo system— -stellar and nervona 
forces are correlated. 'Nay more ; sensation awatens thought and 
kindles emotion, so that this wondi-ous dynamic chain biada into 
liviDg nnity the realms of matter and mind through measureless 
emplitndeB of space and time 

And if the^ hi^h realities are bnt fuint and fitful glimpses 
which euonco hao obLamcd in the dim dxwn of disoovory, what 
must be the iflmi"^ ot tho coming day? If indeed they are but 
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'pebbles' gathered from the shores of tlio great ocean ol trufti, 
what are tlio mysteries still hidcleni in flio bosoin of tke mighty im- 
esplored! And how far transcending all stretch of thoaght that 
Unknown and Infinite Oauso of all towMot tlieinmm 'ipint tains 
evciinore in solemn and mystsrious worship ! 

It remaiaa only to observe, tUat so immense a st^p in. t!io pro 
gresa of our knowledge of natnral agencies ns the following pagM 
diaclose, eauaot be without effect upon the inteUeptnul oaltuie 
of the ego. To the fldherents of that scholastic and verbal edu 
oalion which prefers words to things, and atioient to modem 
iliought; which ignores the study of nature, and I'egaida the pro 
gresa' of soienoe with indifference or hostility, it matters little what 
views of the world are eatertdned, or what changes theae views 
may undergo. But there is another, and happily an increasing dass, 
who hold that it is the true destiny of inind to comprehend the 
vast order of existence in the ini^t of which it m placed, and that 
the faculties ^f man are divinely adapted to this snblimo task ; who 
see that the laws of nature must be understood before they can be 
obeyed, and that only through this understanding caji man rise to 
the Mastery of its powers, and bring himself into final harmony 
with his conditaona. These wili i«eogniao thai tlio discovery of 
new priudples which expand, and elevate, and harmonize onr views 
of the universe — whioh involve the woridugs of the mind itself, 
open n new chapter in philosophy, and touch the very foundaHona 
of knowledge, oannot be without a determining influence upon the 
future coarse and dovelopment of thought, and the spirit and 
methods of its acquisition. 
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OP PHTSIOAL FOEOEB. 

Br W. R, GROVE, Q.C, M.A., F.R.S, 



HosicdbvCoOglc 



William Robert Gsoye, !hi English lawjei; and physicist, ivag liom at 
Swansea, July 14, ISIl. He graduated at Oxford in 1834, and during the 
nait Gse years was TrofeBBor of Natural Philosophy at the London lusli- 
tution. Professor Grove is a rare esample of the aWiilj which, has aohioved 
a distii^iahed eminence in different fields of efBxt. WMla pursiiii^ with 
marked sueeiss the proffe^oa of an ftdvooate, he has devoted his leisure to 
original acienHfie researches, and obtained a high diaUnelJon both as a dis- 
eoyeror and a philMophic writerupon sdontiSc Bubjeois. In 1853 he was 
made Queen's Counsel, and sfterwardB Viee-Preaident of the Royal Sodetj. 
He JB the inventor of the powerful galTanic battery known by Ms name, and 
his obief roaearches have been in the field of electricity. Many of Ma ei:- 
pcriinentiil rMulta are referred to in the following pages, which will a5ao 
.attest hia high position among the founders of tho new philosophy of 
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THE Phrase ' Oorrelatioa of Physical Forcea ' in tke sense ia 
■whicli I taye uaed it, haTOg become recognized by a large 
nmnljer of ecieutifie writers, it would prodnce confusioj were I 
HOW to adopt another title. It would, perhaps, tave been better 
if I had in the first inatance uaed tile 'term Go-relation, as the 
words ' correlate,' ' correlative,' had acquired a peculiar metaphya- 
ical sense somewhat difleriog from that which I attached to tlio 
Bubsiantivc correlation. The jja^age in the text (p. 183) esplaiiw 
the meaning I have given to the term. 

Twenty years haviiig elapsed since I promulgated the views 
contained in this Essay, whicii were first advanced in a lecture at 
the London Institution in January 1843, and subsequently more 
ftilly developed in a course of lectwres in 1813, 1 think it advisable 
to add a little to the Prefece with reference to other laboarera in 
the same field. 

It has happened with this subject as with many others, that 
rimilar ideas have independently presented themselves to diflfe- 
ent minds about the aanie period. In May 184S a paper was 
published by M. Mayer which I had not read when my last edition 
was published, and indeed only now tnow imperfectly by the 
mvd^Boce translation of a Mend. It deduces very much the ^me 
conclusions to whieh I had been led, the author starting partly 
from d jiriori reasoning and partly from an experiment by which 
water was heated by agitation, and from another, which had, how- 
over, prewnsly been made by Bavy, viz. that ice can be melted 
by friction, fliongh kept in a medium, wliich is below the freeaiug 
point of water. 

In 1843 a paper by Mr. Joule on the mechaaical equivalent of 



...Coogic 



heat appeared, -whidi, thoiigh not ia terras touching on tlie mutnal 
and ueceasarj dependence of all tiie PtjBical Forces, yet beara 
most importantly upon the doctrine. 

"l¥hile my third edition -was going through the preaa I hod 
13i9 good fortnne to make the acquaintance of M. 3egnin, who 
infonned me that his nacle, tbo eaiiaent Monl^lfler, had long 
entertained the idea fiiat force "waa indeBtructible, though, Trith 
the exception of one aentence, ia his paper on the hydraulic ram, 
and where he fe apparently speaking of mechanical force, he has 
left nothing in print on the subject. Sot so, howeyer, M. Seguin 
himgelf, who in 1839, in a work on the ' Inflaeuce" of Bailroads,' 
has distinctly expreeaed his nnde'a and Ws own views on tie 
identity of heat and mechanical force, aiid has given a calculation 
of their equivalent relation, which is not tar from tlio more recent 
numerical results of Majer, Joule, and othera. 

Several of the great mathematicians of a much earlier period 
advocated the idea of what they termed the Conservalion of Force, 
l)Ut although they considered that a body in motion would bo 
continue for ever, unless arrested by the impact of another body, 
and, indeed, in the latter ease, would, if elastic, rtiE continue to 
move (tliongh deflected from its conrae) with a force proportion- 
' ^te to its elasticity, yet with melasfic bodies the general, and, as 
far as I am aware, the miiversal belief was,, that the motion was 
arreted and the force annihilated. MontgoMer went a step tar- 
ther, and his hydraulic ram was to him a prQOf of tte tmth of 
hie preconceived idea, that the shock or impact of bodies leiit the 
mechanical force undCBtroyed. 

Previously, however, to the discoveries of the voltaic battery, 
electro-magnetitm, thermo-eleetrictty, and photography, it was 
impo^ble for any mind to perceive what, in the greater number 
of cases, became of the force which waa apparently lost, Tlie 
phenomena of heat, known from the earliest times, would have 
been a mode of acconnting for the resulting force in many cases 
where motion was arrested, and we find Bacon announcing a 
(Jieoiy that mMon was the form, as he quaintly termed it, of 
heat. Bumford and Davy adopted this view, the former with a 
fair approsimate attempt at numerical calculation, but no one of 
these philosophers seems to have comiected it with the inde- 
strucUbility of force. A passage in the writmg=i of Dr. Koget, 
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combating tlie theory tliat mere contact of iMsaitJiliur bodies yrem 
the aoui-ca of voltaic electricity, philosopIiiciiOj- supports his argu- 
ment by the idea of non-creation of force. 

As I liave introduced into tlia later editions of my Bssiiy ab- 
stracts of the difcrcnt discoveriea wliicli I have found, since my 
first lectures, to Ibeampon the ealgect, I have been regarded by 
many rather as the historian of the progress made in this branch 
of thought than as one -who has had anything to do ■with its ini- 
tiation. Everyone ia hut a poor judge where he ia Mmself inters 
ested, and I therefore write with diffidence, but it woald he affect- 
ing an indifference which I do not feel if I did not state that I 
believe mj«eif to have been the first who introduced this sul^ect 
as a generalised ajstem of philosophy, and continued to enforce 
it in my lectures and -writing for many years, during jfhich jt 
met with the opposition nsnal and proper to novel ideas. 

Avocations necessary to the ■well-being of others hove preveat- 
ed my follo^wiug it np esperimentally, to the extent that I once 
hoped ; but I trust and beheve that thm Essay, impeifect though 
it be, has helped materially to impress on that portion of the 
public which devotes its attention rather to the philosopliy of 
science thsn to -what is now termed science, the ti-ath of the thefaa 
advocated. 

To show that the work of to-day is not substantially different 
from the thoughts I first published on the subject, at a. period 
when I tnew Uttle or nothing of what had been thought hefoi'O, 
1 venture to give a few extracts from the printed copy of my 
lecture of 1S43 :-- 

Phyaoal Sdenoe treats of Matter, Kcd what I shall to-niRiit teem its 
Affedtons ; tiaiaely, Athaoiion, Motion, Heat, Light, Electricity, Magaet- 
iem, Ohemioal-Affinity. When these r&aot upoa matter, they consijtute 
Forces. The present tendency of theosy seems to lead to fte opinion that 
all these Affeoliima are I'caolTablo iato oae, namdy. Motion; liowei-eF, 
shonld the iheorfes on (bese aabjeota be nltimatelj so eflectimliy gcnei'- 
iilised as to become laws, they cannfit avoid the ueoeKsity for retainiiig iM. 
ferent linmes for these diferent ASee^ons ; or, as they wonld then bo called, 
different siiodea of Modon. .... 

CGrated proved tlmt Eleotriolty and MagnetiBm are two forces wlddi aes 
upon eitcli oilier ; not In siiaight lines, as all other known forces do, bat in 
u, i'octangiilac direction : that is, that bodies invested irith electrioity, or the 
conduils of an cleotric-enrrBnl^ tend to piace magnets at right angles to 
ihom ; tunJ, conversely, that magnets tend to place bodies eonduoting elee- 
iricity at right angles to ihem 
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The dificovery of CErBted,bywlildi deotridty was matle a soai-oo of 
Mogeetism, eoon led philosopliers to stek the converae efitct ; tliat ig, to 
educe Meotricitj from a pemmneiit mognet ; — Uad theee esperimentalista 
Bucoeeded in tlidr espeolalioDS of makins a siationtKy magiiet n souvcp of 
eleotric-euireEts, thej woiild have reaiked the aHoient dreamg of perpotu^l 
niolioa, tliej would have converted statics into dynamica, ttiey wouUi have 
predated powec without espenditure ; in other woids, they would have bc- 
, eome creators. They Wied, and Faraday aaw tlieir error ; he iiroved that 
to obt^ Bleetridty from MagueliBm it wm necMBSEy to auperadd 1« this 
latter, motioE ; that magneta wliUe in mt^oc iaduoed eleiSricilry in con- 
tiguous cnnduotors ; and that the direcUon of mioh dectdc-oiaTeHta was 
tangential to the polai direction of the mi^^et ; that as Dyi^mla-eEectcidt}' 
may be made the source of ISiiga^am and Motion, bo M^netism ooigoined 
with Motion may bemadeHie sonroeof Electricity, Here orjgjsates the 
Science of MagnetO'-dlectridty, the true converse of Msctro-magnetigm; 
and thus between Bleotricity nod Biagnelton^ shounio esist a reciprocity 
of force such that, con^dering dtlier as the primary ^ent, the nthiw be- 
oomea the re-agent ; viewing one in the relation of caiEe, the oliier ia the 



Voltaic action is Chenuoal action taking place at a distance or trans- 
ferred thiDugh a chfun of media ; and tlie Daltonian equivaleat numbera 
are file oiponentB of the amount of voltaic action for corrraponding dicml- 

Bj rc^iafding the quantity of deotrjeal, aa duwcily propoclionai to the 
eOidcnt diemienl action, and by experimentollj tracing this prindple, I 
have boen fortunate enough to inore^e the power S the Voltoic-pila 
more than sixteen times, aa compared with any combinalqoii previoasly 
Ituown 

I nm fltroBgly disposed to consider that the faets of OatalyMs dejmDii 
apon TOitaio action, to generate which three heterogeneous snbstanees ara 
alwa^ necessary. Induced by this belief I made eome eipedmenta on the 
subject, and succeeded in forming b volbue combination by gaseoUB-oxygen, 
gaseous-hydrogen, and platiaum ; by TiMch a, galvanometer was deflected 



It appeara to me that heat and light may be considered aa affections ; 
or, accorfing to the tf ndnlatory-iJieoiy, vibralsona of matter itself, and not 
of a distinct etherial flidd permeating it ; tliese vibratlona would be prop- 
agated, just as soand is propagated by vibrations of wood or aa wares by 
water. To my mind, all the oonsequencBB of the TCndnlatory-theoi? flow 
as easily from tliis, ss from the hypotheMs of a Epedfio ether ; to Bnppose 
which, namely, to suppi^e a fluid sai ffemris, and of eitreme iennity pene- 
traiiug solid bodies, we must a^Hme,first, the exSatenoe of the fluid itsdf; 
secondly, that bo^ea aro without exception pcauus ; thirdly, that these 
pores oommmjicate; fourthly, tJiat matter Ss limited in expansibility. 
None of these iHfficuities apply to tiie modification of this theory which I 
venture to propose; and no other diMeulty^plira to it which doi^ not 
equally apply to the received hypothede. With regard to the planetary 
BpaOBS, the limiiMiing periods of oometa is a strong ailment for the ex- 
istenoe of an universiffly-diffiisod matter : this has ;ho function of resist- 
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ajioe, and there appoars to be no reason to divast it of .the functinna com- 
mon to all matter, or eupecfidally to approprnto it to certniii affeulioiia. 
Again, the phenomena of tcanfiparenoy and opacity aib, to my mjtiri, mora 
eaaHj esplieable by fhe foraiec than by the latter thoocj ; as irauhiug from 
a difference in the moleoular atrangement of tlio matioc affeclod. In re* 
gard to the eibcta of donble-refraotion and polarisation, the inolcoiiluc 
^ves at onoe a reasoa for the rffects npon tlio one theory, while iipon iho 
other VB mast, in addition to prerioua uaamnptionB, further asHiiniu a dif- 
ferent piaanci^ of the ether m digfereut direoUone within tiio doubly, 
refi^ lin:; m Htm id Tlie same theory is applicable to Eleotrioity ami 
"T III I iniuiis on the uifluenoe of fhe olaatio intonnedium 

111 111 o of Piiaday on deofiiaal induotioo, furnish 

II 1 1 1 1 ot it My inoliaation would lead rao to de- 

r I iiiiLihlon^ than my judgment deinna advieabla: 

I li I 11 wiai otEfering it to your cojisidcraUon, and, 

aho' n 1.1 , [ivo iliuiis pLrmit, I may at a fature pedod more fally devdope 

Light, DeaSjEleetKOit), Magnetism, Motion, and Ohemioal-afiinity, are 
all conrortible material Sections , assuming dcher &s the ca^ise, one of 
lb othero will be tho effect IhUB heat may be said to produce eieotridty, 
eltLiiicitrDi piodnco heat, magnetism to produce electiidly, electiidty 
mn^Eeti 111 ind so of the root Cause and eSfcct, therefore, in ibdr ab- 
otnct uhtioa to these forces, are words solely of eonveuianee: wo are 
tolQji> nunqujauted with the ultimata generating power of eacb and all 
of them, and probably shall ever remain so ; we can only Mecrtain tho 
noRote of their aLtion we most humbly refer thdr causation to one omni- 
present inHuence, and content om^ves with studying their effects and 
developing by cipenment then mutual relations. 

I ha'VB transptaed the p^sages relating to voltaie action and 
catalysis, but I have not added a word to the aboye qnotatioii, 
and, as far as I am now aware, the theory that the so-called im- 
pondorahlea are afBsctiora of ordiDary matter, tliat they are re- 
aolvahle into motion, that they are to be regarded in their actioa 
on matter as forces, and not as specifto entiti^ and that they are 
capable of mutual reaction, theacs alternately acting as cawee and 
effect, had not at that time been pubKoly adranced. 

My or^nal Essays being a record of lectares, and being jrab- 
lished by the managers of the Tnatitation, I necessarily adhered 
to the form and matter which I had orally comiTmnicated- In 
prepaiing aubseq^uent editions I foand that, without destroying 
the identity of the -work, I coidd not alter the style ; althongh it 
would tsTe been loss difficult and more satisiactory to me to have 
done so, the -work would not have been a republication ; and I 
was for obvioas reasons anxious to preserve aa far as I could the 
original text, which, though added to, is but littlQ altered. 

The form of lectures hm necessarily continned the use of tha 
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first peraoii, and I would beg my readera not to attribute to m<:^ 
from tie modes of esprrasioimsed, a, dogmatism which is far&om 
my thongbt. If my opinions are expressed broadly, it ia tbat, if 
opinions are alwaja bedged in by qualifications, the style becomes 
embarrassed and tbo meaning frequently unintelligible. 

As a course of lectures can only be useful by indwjing the 
auditor to consult works on tbe subject he hears treated, so the 
object of this Essay ia more to iuduceaparticular train of thought 
oo the Itnown fecfai of physical science than to enter with minute 
criticisms into each separate branch. 

In one or two of the reTiews of previous editiona the goucral 
idGffeof the worh; was objected to. I believe, howerer, that will 
not now be the c^e ; the mathematical lahoura of Mr. Thompson, 
Clausius, and others, though not suitable for uieertion in an 
Essay such as thfe, have awakened an intei'est for many portions 
of the subject, whieh promises much for its future progress. 

The short and iiTegular inteiTals -which my profession permita 
me to devote to science so prevent the continuity of attention 
necessary for the proper evolutioa of a train of thought, that 1 
certainly should not now have courage to publish for the first 
time such an E^y; and it is only the favoM it lia'J lereived" 
from those whose opinions I highly value, and the, I tmat pardon- 
able, wish not to let some favourite tltoughts of my youth lose all 
connection with my aame, that have induced me to reprint it. 

My sidentiflc readers will, I hope, excuse the very short notices 
of certain branches of science which are iutroduccd, m without 
them the work would be unintelligible to many for whom it is 
intended. Ihave endeavoured so to arrange my matter that each 
divMon should form an introduction to thtwe which follow, and 
to assume no more preliminary knowledge to be poss^scd by my 
readers than would be expected from peraona acquainted with the 
elements of physicid science. 

The notes contain reference to the original memoirs in whidi 
the branches of science aUnded to are to be found, as well as to 
those which hear on the main ailments ; where tiiuse memoirs 
are numerous, or not easy of access, I have referrod to treatises in 
which they are collated. To prevent the reader's attention being 
inten'upted, I have in the notes lefen'ed to the pages of the test, 
instead of to interpolated lettei's. 
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I.— INTEODUCTOET REMAEKS. 

"TTT'ITEN natural phenomena are for the first tme ob- 
VV served, a, tendentgr immediately dsYeiopes itself to 
i-efer them to somethiag previously tno-wii — to bring them 
witHn the range of aekaowledged sequences. The mode of 
regarding new facts, wMch is moat fiivonrably received by 
the pabiic, is that wiiieh refers them to reeognised views — ■ 
stamps them into the mould in which the miud has been al- 
ready shaped. The new fact maybe far removed from those 
to which it is referred, and may belong to a different order 
of analogies, but this cannot then be known, as its cO'Ordi- 
oatea are wanting. It may be questionable whedier (he 
mind ia not so moulded by paat events that it ia impossible 
to advance an entirely new view, bat admitting such possi- 
bility, the new view, necessarily founded 02 insufflciant date, 
is likely to be more incorrect and prejudicial than even a 
strained attempt to reconcile the new discoveiy witli kaown 
facts. 

The theory consequent upon new facts, whether it be a 
co-ordination of them wltli known ones, or the more diffleult 
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and dangerous attempt at remodelling the public ideas, is 
generally enunciated by the discoverecs themselves of the 
facts, or by those to whose authorily the world at the period 
of the discovery defers ; others are not bold enough, or if 
they be so, are unheeded. The earliest theoriea thua enuncia- 
ted obtain the firmeBt hold' upon the public mind, for at such 
a time there is no power of testing, by a sufficiont range of 
experience, the truth of the theory ; it is accepted solely or 
mainly upon authority : there being no means of coatradic- 
tion, its reception is, in the first instance, attended with some 
degree of doubt, but as the time in which it can fairly be in- 
vestigated far exceeds that of any lives then in being, and as 
neither the individual nor the pablic mind will loag tolerate 
a st«te of abeyance, a theory shortly becomes, for want 
of a better, admitted as an established truth ; it is handed 
from father to son, and gradoally takes ita place in edu- 
cation. Sncceeding generations, whose minds are thus 
formed to an established view, are much less likely to aban- 
don it. They have adopted it in tlie first instaace, upon au- 
thority, to them anquestionable, aad subsequently to yield up 
their faith would involve a laborioae remodelling of ideaa, a 
task which the public as a body will and cos rarely under- 
take, the frequent occurrence of wliieb is indeed inconsistent 
with the very existence of man in a social state, as it would 
induce an anarchy of thought — a perpetuity of mental revo- 
lutions. 

This necessity has its good ; but the prejudicial effect 
upon the advance of science is, that bythie moans, theories tlio 
most immature frequently become the most permanent j for 
so theory can be moi'e immature, none is liiely to be so in- 
correct, as that which is formed at the first flush of a sow 
discovery ; and though time exalts the authority of those 
from whom it emanated, time can never give to the illustri- 
ous dead tlie means of analysing and eorreeting erroneous 
views which subsequent discoveries confer. 
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Take for instance the Ptolemaic STstem, which we laay 
almost literally explain by the expreBsion of Shakspeare : 
' He that is giddy thinks the world turns round.' We now 
Bee (ho error of tiiis system, becaase we have all an immedi- 
ate opporttmify of refuting it ; but thia identical error was 
received as a troth for centuries, because, when first promul- 
gated, the means of refnting it were not at hand, and when 
the means of its refutation became attainable, mankind had 
been 60 educated to the supposed ti-nth, that they rejected the 
proof of its fallacy. 

I have premised the above for two rations : first to obtain 
a fair hearisg, by requiting as far as possible a dismi^al 
from tfee mind of my readers of preconceived view^ by and in 
favour of which all are liable to be prejudiced ; and secondly, 
to defend myself from the charge of undervaluing authority, 
or treating lightly the opinions of those to whom and to 
whose memory mauMnd loots with reverence. Properly to 
value authority, we should estimate it together with its means 
of mfornaation ! if ' a dwarf on the shouldera of a giant can 
see furthei' than the giant,' he is no less a dwai'f in compari- 
son with the giant. 

The subject on wliieh I am about to treat — viz., the rela- 
tion of the affections of matter to each other and to matter — ■ 
peculiarly demands an unprejudiced regard. The different 
^peeta under which these agencies have been contemplated ; 
the different views which have been taken of matter itself; 
the metaphysical subtleties to which these views unavoidably 
lead, if pursued beyond fair inductions from existing expe- 
rience, present difficulties almost insurmountable. 

The extent of claim which my .views on this subject may 
have to originality has been stated in the Preface ; they be- 
came strongly impressed upon my mind at a period when I 
was much engaged in experimental research, and were, as I 
then believed, and still believe, regarding them as a system, 
new : expressions in the works of different authors, beting 
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more or kas on the Bubject, have subsequently heen pointed 
out to me, some of "wMch go back to a distant period. An 
attempt to aaalyse iiieBe in detail, and to trace how far I 
have been anticipated by otiicrs, would probably but little 
interest the reader, and in tlie course of it I atonld constantly 
have to make distinctions showing whereiu I differed, and 
wherein I agreed with others. I might Mte a«thorities which 
appear to me to oppose, and others which appear to coincide 
■with certain of the views I have pat forth ; bnt this would 
interrupt the consecutive developement of my own ideas, aad 
migljt render me Uablc to the chaa^ of miscons^uing those of 
others ; I therefore think it better to avoid such discussion in 
the text ; and in addition to the sketch given in the Preface, 
to furnish in the notes at the coaclosion sudi references 
to difiereut authors ■ as bear upon the subjects treated of, 
which I have discovered, .01 which have been pointed oot to 
me since the delivery of the lectures of which this essay 
is a record. 

The more extended our research becomes, the more we 
find that knowledge is a thing of alow progression, that the 
very notions which appear to ouraelves sew, have arisea, 
though perhaps in a very indirect manner, from successive 
modifications of traditional opinions. Each word we utter, 
each thought wo think, has in it tlie vestiges, is in itself tiie 
impress, of antecedent words and thoughts. As each ma- 
ferial form, could we rightly read it, is a hook, containing in 
itself the past history of the world ; so, difFerest though our 
philosophy may now appear to .be from that of our progeni- 
toi-B, It is but theirs added to or suhtraoted from, transm.itted 
drop by drop through the filter of antecedent, as oars will he 
through that of suhseqEcnt, ages. — The relic is to the past as 
is the germ to the future. 

Though many valuable facts, and correct dediicfiona from 
them, are to be found scattered amongst the voluminous 
works of the ancient philosophers; yet, giving them tho 
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credit which they prs-eminently deserve for haviDg devoted 
their lives to purely jtitellectnal pursuits, and for having 
thought, soidom friveloualy, oitei profoundly, nothing caa he 
more difficult than to seize artd appreliead tb«i ideas of those 
who reasoned from abstraction to abstraction. — who, altliough, 
as we BOW helieve, Uiey must have depended upon observa- 
tion for their first inductions, afterwards raised upon flicjo 
such a complex superatnictare of syllogistic deductions, that, 
without following the samo paths, aad tracing the same sinu- 
osities which led them lo their conditions, such coocliwiona 
are to ns uninteDigible. To think aa anoilier thought, we 
must be placed in the same eitiiation as he was placed : the 
errors of commentators generally arise fi;om their reasoning 
upon the argumeHta of their teit, either in blind obedience to 
Us di(^a, without considering the circumstances under which 
they were uttered, or in viewing the images presented to the 
original writer from a different point to that from wMch he 
viewed them. Experimental philosophy keeps in check the 
errore both of d ^wi reasoning and of commentators, and, 
at all events, prevents their becoming cumulative ; though 
the theories or explanations of a fact be different, fte fact 
remains the same. It is, moreover, itself the exponent of its 
diacoverer'a thought! the observation of known phenomena 
has led him to elicit from nature the new phenomena : and, 
though he may be wrong in his deductions from this after its 
discovery, the reasonings which eoaductod him to it are them 
selves valuable, and, having led from known to unknown 
truths, can seldom be uninstmctive. 

Very difierest views existed amongst the ancients as to the 
aims to be pursued by physical investigation, and as to the objects 
likely to be attained by it, I do not here mean (he moral ob- 
jects, such as the attainment of the snintmi/m, ionmn., &e. 
—but the acquisitions in knowledge which such investiga^ 
tioas were likely to confer. UiJlity was one object in view, 
and this was to some extent attained by the progress made in 
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astronomy and ineclianies ; Archimedes, for instanco, seeirw 
to have conataatly had ttila end in view ; hut, "while pursuiag 
natural knowledge for the saie of knowledge and the power 
wMch it brings with it, flie greater nnmbar seemed to enter- 
tain an expectation of airivicg at some nltimate goal, some 
point of knowledge, which would give them a mastery over 
the myeteriee of nature, and would enable theia to asoeilain 
what was (he most intimate etmcture of matter, and the 
causes of the changes it exhibits. Where tlicy could not dis- 
cover, they speculated. Leucippas, Democritus, and others, 
have given lifl their notions of the nltimata atoms of which 
matter was formed, and of the modvs agendi of nattire itt the 
various tranafomaatioMi which matter undergo^. 

The expectation of arriving at ultimate causes or essences 
continued long after the speculations of the ancients had been 
abandoned, aad continues even to the present day to be a very 
general notion of tiie objects to be ultimately attained by 
physical science. Francis Bacon, the great remodeller of 
science, entertained (his notion, and thought that, by experi- 
mentally t«Bting natural pbeDomena, we should be enabled to 
trace them to certain primary essences or causes whence the 
various phenomena flow. These he speaks of under the 
scholaiStie name of ' forms ' — a t«rm deiflived from the ancient 
philosophy, but difi'erently applied. He appear? to have un 
derstood by ' form ' the essence of quality — that in which, ab- 
stracting everything extraneoas, a given quality consists, or 
that wliich, superinduced on any body, woull give it its pe 
cnliar quality ; thus the form of ti'anspaienfy, is that 
which constitutes fcransparency, or that by w hich wh^n dis- 
covered, traMparency coald be prodoeed or supeimdnoed 
To take a specific exaaiple of what I may term the syn- 
thetic application of his philosophy : — ' In gold there meet 
together yellowness, gravity, raalleabUity, fixedaeas ra the fire, 
a determinate way of solution, which are the simple natures 
* m gold ; for he who understands form, and the manticr of 
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superindticmg this yellowness, gravityj ductility, fixednoaSs 
faculty of fnsioii, solution, &c., with tiUeir paa-fiiiular degrees 
aad proportions, will consider Iiow to join them together in 
some body, so that a transmatation into gold shall follow.' 

On the other hand, the analytic method, or, ' the enquiry 
from what origin gold or any other metal or atone ia generated 
from, its first fluid matter or rudiments, up to a perfect min- 
erai,' is to be perceived by -what Bacon calls the latent pro- 
cess, or a eearuh for ' ■what in every generation or tranBfor- 
mation of hodiea, flies off, whRt remains behind, what is add- 
ed, wTiat separated, &c. ; ^so, in other alterations and mo- 
tions, what gives motion, what governs it, and the like.' 
Bacon appears to have thotight that qualities sepai-ate from 
the substances themselves were attainable, and if not capable 
of physical isolation, were at all events capable of physical 
transference and superinduction. 

Subsequently to Ba«on a belief has generally existed, and 
now to a great extent esists, ia what are called secondary 
causes, or consequential steps, wherein one phenomenon is 
su^osed necessarily to hang on another, until at last we ar- 
rive at an essential cause, subject immediately to tlie Firet 
Cause. This notion is generally prevalent both on the Con- 
tinent and in tiiia country : nothing is more familiar than the 
expression ' stndy the effects in order to arrive at the causes.' 

Instead of r^arding the proper object of physical science 
as a search after essential causes, I believe it ought to be, and 
must be, a search after facte and relations — that althongh the 
word Caase may he used in a secondary and concrete sense, 
as meaning antecedent forces, yet in an abstract sense it is to- 
tally inapplicable : we cannot predicate of any physical agency 
that it B~ abstractedly the cause of another ; and if, for the sake 
of convenience, the language of secondary causation he per- 
missible, it should be only with reference to the special phe- 
nomena referred to, as it can never be generalised, 

The misuse, or rather varied use, of the term Cause, has 
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i)een a Bource of great confiiaioa in physical tteoriea, and 
philosophers arc even now by no means agreed as to ttieir 
conception of caneation. TLe most generaily received view 
of causation, that of Hmne, refers it lo invariable antecedence 
— i. e,, we eall that a eanse wHch invariably precedes, that 
an effect wMcli isvariaMy succeeds. Many instances of in- 
variable sequence aH^t however bo selected, which do not 
present the relation of cai^e and effect : thus as Beed observes, 
and Brown doea not satisfactorily answcsr, day iavariably 
precedosnight and yet day JSHotthe cause of night. Theseed, 
again, precedes the plant, bat is not the cause of it ; so that when 
we study physical phenomena it becomes difficult to aepai-ate the 
idea of cansationfrom that of force, and these have beearegai-ded 
asidenticalbysome philosophers. To take an example which 
will contrast these two views : if a floodgate be raised, the water 
flows out ; in ordinary parlance, the water is said to flow he- 
cause the floodgate is raised : the sequence is invariable ; no 
floodgato, properly so called, can be raised without the water 
, flowing oat, andyet in another, and perhaps more strict, sense, 
it is the gravitafJOH of the water which causes it to flow. But 
though we may truly say that, in this instance, gravitatioa 
causes the water to flow, we cannot in truth abstract the pro- 
position, and say, generally, that, gravitation is the cause of 
water flowing, aa water may flow from other causes, gaseous 
elasticity, for instance, which will cause water to flow from a 
receiver Ml of air into one that is exhausted; gravitation may 
also, Qsder certain circumstances, arrest instead of cause the 
flow of water. 

Upon neither view, however, can we get at anything like 
abstract causation. If we regard causation as iuvariablo so- 
qnence, we can find no case in which' a ^ven antecedent ia 
the only antocodent to a given sequent : thus if water could 
flow from no other cause than the withdrawal of a floodgate, 
we might say abstractedly that this was the cause of water 
fiowing. If, again, adopting the view which looks to causa- 
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tioH OS a force, we could say tfiat water could be caused to 
&0W only by graTitation, wo migiit say absti-actedly that grav- 
itation was the cause of water flowing — ^but this we cannot 
say ; and if we seek and examine any other example, we 
Bhall find that causation is only predicaMe of it in tha partic- 
ular ease, and cRuaot be slipport«d as an abstract proposition ; 
yet this is constantly attempted. Nevertheless, in each par- 
Uimlar case where we speak of Cause, we habltuaUy refer to 
some antecedent power or force ; we never see motion or any 
change in mattor take effect withoui regarding It as produced 
by some previous chas^ ; and when we cannot trace it to its 
antecedent, we ment<illy refer it to one ; but whether this hab- 
it be philosophically correct is by no means clear. In other 
words, it seems questionable, not only whether cause and ef- 
fect are convertible tcnHS with antecedence and sequence, but 
>vheiher in feet cause does precede effect, whether force does 
precede the change in matter of which it is said to be the 

The actual priority of cause to effect has been doiibted, 
and their simultaneity argued with much ability. As an in- 
stance of this argument it may be said, the attraction which 
caosos iron to approach the magnet fe simaltaneous witli and 
ever accompanies the movement of the iron ; the movement 
is evidence of the co-esiating cause or force, but there is no 
evidence of any interval in time between the one and the oth- 
er. On this view time wonld cease to he a necessary element 
in causation ; the idea of caaee, except perhaps as referred to 
a primeval creation, would cease to exist ; and the same ar- 
guments which apply to the simultaneity of cause with effect 
would apply to the simultaneity of Force ivith Motion, "Wo 
could not, however, even if we adopted this view, dispense 
with the element of time in the sequence of phenomena ; tho 
effect being thus regarded as ever accompanied simultaneoi^ 
ly by its appropriate cause, we should still refer it to some an- 
tecedent effect ; and our reasoning aa applied to the sacoes- 
9ive production of all natural changes wonld he the same. 
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Habit and the identification of thoughts with phenomeiia 
so compel the use of recognised terms, that wo caimot ayoiil 
usiag the word cause ere» in the sense to which objection is 
taken ; aad if we struck it out of our Tocabniary, our lan- 
guage, in speaking of successive diaagea, would he tmintoHi- 
gii)le to the present generation. The eommoa error, if I am 
riglit in supposing it to be such, consists in the abstraction of 
cause, and in supposing is each case a general secondary 
cause — a something which is not the &st cause, but which, if 
we esamiae it carefnlly, must liare all the attributes of afet 
cause, and an existence independent of, and dominant OTcr, 
matSer, 

The relations of electricity and magnetism afford ua a 
very instructive example of the belief in secondary causa- 
tion. Sahsequeat to the discovery by Oersted of electro-mag- 
netisuij.and prior to that by Faraday of magneto-electriciiy, 
electricity and magnetism, were believed by iJie highest author" 
ities lo stand in the relation of cause and effect — i. e. elec- 
tricity was regarded as the cause, and magnetism as the effect ; 
and where magnets esasted without any apparent electrical 
currents to cause their magnetism, hj'polhetical currents 
were supposed, for the purpose of carrying out the caus- 
ative view i but magnetism may now be said with equal 
truth to be the cause of electricity, and electrical currents 
may be refeired to hypothetical miE^netio lines ; if tiierefore 
electricity cause magnetism, and magnetism cause electricity, 
why then electricity causes eleetrieity, which becomes, so to 
Bpeak, a redndio ad absurdvma of the doctrine. 

To take another instance, which may render these posi- 
tions more inteli^ble. By heating bars of bismuth and anti- 
mony in contact, a current of eleetwcity is produced ; and if 
their estremlties be tinited.by a fine wire, the wire is heated. 
Now here the electricity in the metals is said to be caused 
by heat, and the heat in the wire to he caused by electricity, 
aad in a concrete sense this is iiae ; but can we thence say 
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abstractedly that heat is the cause of electricity, or that elei^ 
tricity is the cause of heat? Certainly not ; for if cither be 
true, both must be so, and the effect then becomes the cause 
of the cause, or, ia other words, a thing causes itself. Aay 
other proposition on this subject ■will be found to involve sini- 
ilar difficulties, until, at length, the mind will become eoa- 
vineedthat abstract secondary causation does not exist, aad 
that a senrch after essential causes is vaii. 

The positioa which I seek to ^tablish in this Essay is, 
that tlie varioas affections of matter fvhich constitute the 
main objects of experimtgital physics, viz., heat, light, eleo- 
tricity, magnetism, chemical afliuity, and motion, are all gor- 
relative, or have a reciprocal dependeace ; that neitlier, t^»n 
abstractedly, can be said to be the essential cause of the oth- 
ers, but (hat either may prodiice or be convertible into, any 
of the others ; thus heat ma.y mediately or immediately produce 
electricity, electricity may produce heat ; and so of 1i,e rest, 
each merging itself as the force it produces becomes devel- 
oped: and that the same must hold good of other forces, iti be- 
ing as iiTesistible inference from observed phenomena that a 
force cannot originate otherwise than by devolutioa from some 
pre-exislaag force or forces. 

The term force, although used in very differeat senses by 
different authors, in its limited sense may be defined as that 
which produces or resists motion. Although strongly incUaed to 
believe that ttie otfier affections of matter, which I have above 
named, are, and will ultimately be resolved into, modes of 
lOotioE, many argumestg for which will be given in subse- 
quent parts of this Essay, it would be goiug too far, at pre- 
sent, to assume their identity with it ; I therefore use the term 
force in reference to them, ail meaning that active prindpla 
inseparable from matter which ia supposed to induce its vari- 



The word force aad the idea it aims at expressing might 
be objected to by the ptu-ely physical philosopher on eimilta 
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grounds to those wMch apply to the woid cau&e, as it lepre- 
eoats a Bubde mental coaceptioB, aad uoi a Bensuoas jiercep- 
tion or pheaomenon. The objection would take eomettiiEg 
of this form. If the string of a bent bow be mt, the bow 
will straighten itself; we flieace aaj- theie is an elastic fovea 
m the bow wjiieh Bti'aiglitena it ; but if we apphei} our expres- 
sions to this experiment alone, the use of the term force 
would be siipei-fluous, and would not add Ui onr Jtnowledgo 
on tihesabject. All the intbnuatioa which our minds could 
get would bo as auffloiently obtained from the expression, 
when flio string is cut, the bow becomes straight, as from the 
expression, the bow becomes straight by iia elastic force- 
Do we know more of the phenomena, viewed without refer- 
ence to other phenomena, by saying it is produced by force? 
Certainly not. All we know or see is the effect ; we do not 
see force— we see motion or moving matter. 

If now we take a piece of caoutehoue and stretch it, when 
released it returns to Its origiaal lengtli. Here, feough the 
subject-matter is very different, we see some analogy in the 
effect cir phenomenon to that of the strung how. If again 
we suspend an jipple by a string, cut the string, the apple falls. 
Here, though it is less striking, there is still an analogy to 
the strung bow and the caoutchouc. 

Now when the word force is employed as comprehending 
these three different phenomena we find some use in the term, 
not by its explaining or rendering more intelligible the modus 
agendi of matter, but as conreying to the mind something 
which is alike in the thi-ee phenomena, however distinct ihoy 
may be in other respects : the word becomes an abstract or 
generalised expression, and regarded in this light is of hijth 
utility. Although I have given only three examples, it is 
obvious Uiat the term would equally apply to 300 or 3,000 ex- 
amples. 

But it will be said, the term force is used not as esjiress- 
ing the effect, but aa that which. produces the effect. Tliis ia 
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true, aad in this its ordinary sense I ehall »ise it in flieso pages. 
But tliougli tlie term hia a potcatial meaaing, to depart from 
■wMch woBld render language nniEtelligible, we muBt. guard 
against supposing that we know easentitdly more of the pho 
noiaena by saying they are prodnced hy something, "wliidi 
aomething is only a word derived from the constancy and 
similarity of the phenomena we seek to explain hy it. The 
relations of the phenomena to which the terms force or forces 
are applied give us real knowledge ; these relatione may be 
called relations of forces ; our knowledge of them is not there- 
by lessened, and the convonionce of expression is greatly in 
creased, but the separate phenomena are not more intimately 
iiEOwn ; ao further insight into why the apple falls is acquired 
by saying it is forced fo faO, or it fhils by the force of gravita 
tlon ; by the latter expression we are enabled to relate it 
most usefully to oflier phenomena, but we still know no more 
of ihe particular phenomenon than that under certain circum- 
stances the apple does iaU. 

Iti the above illustrations, force has been treated as the 
producer of motion, in which c^e the e-videnee of the force is 
the molioH produced ; thus we estimate the force used to pro- 
ject a cannon ball in terms of the mass of matter, and the 
velocity with "which it is projected. The evidence of force 
when the term is applied to resistance to motion is of a some- 
what different character ; the matter resisting is nujlecalarly 
affected, and has its strnctnre more or less changed ; thss a 
strip of caoutchouc to which a weight is suspended w elonga- 
ted, and its molecules are displaced as compared with tlieir 
position when unaffected by the gravitating force. So a piece 
of glass bent by an appended weight has its whole stoicture 
changed ; iihis iatersai change is made evident by transmif>- 
ting through it a beam of polarised light : a relation Ihas 
become* established between the molecular state of bodies 
and flie external forces or mofiou of masses. Every particle 
of tJie caoutchoic or glass mast be acting and contributing to 
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resist or arrest tlia motion, of the mass ot matter appflaiJed 
to it. 

It is difficalt, in such cases, not to recognise a reality in 
force. We need some word to express tliis sta1« of tenaion ; 
■we know that it produces an effect, though the effect be nega- 
tive in diaracter ; although in this effort of inaaimate matter 
we can no more trace the mode of action to its ultimate ele^ 
meats thaa we can follow oat the connection of our oith 
musdes with the volition which calls them into action, we 
are experimentally coniTiiced that matter changes its state 
by the agency of other matter, and this agency we call 

In placing the weight on the glass, wa have moved the 
former to an extent equivalent io that which it would again 
describe if the resistance were removed, and this motion of 
the ma«s becomes an exponent or measure of the force exert- 
ed on the glass ; while this is in the state of tension, the 
ioT(,e IS ever existing, capable of reproducing^ the original 
motua and while in a state of abeyance as to actual motion, 
it IS leally \cting on the glass. The motion is suspended, 
but the force is not annihilated. 

But it may be objected, if tension or static force be thua 
motion in abeyance, there is at all times a large amount of 
dynamical action subtracted from the universe. Every stone 
upon a hill, every spring that is bent, and has required force 
to upraise or bend it, has for a time, and possibly for ever, 
withdrawn this force, aaH annihilated it. Not so ; what 
takes place when we raise a weight and leave it at the point 
to which it has been elevated? we have changed the centre 
of gravity of the earth, and consequently the earth's position 
with reference to the snn, planets, and stars ; the effort we 
nave made pervades and shakes the universe ; nor can we 
present to the mind ajiy exercise of force, which ia thus not 
permanent in its dynamical effects. IS, instead of one weight 
being raised, we raise two weighs, each plaoed at a point 
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diametrically opposite the other, it would be said, here you 
bave compensation, a balance, no cliange in llio coatro of 
gravity of the earth ; but we have increased the mean diame- 
ter of the earth, and a perturbation of our planet, and of all 
other celestial bodies necessarily ensues. 

The force may be said to be in abeyance with reference 
to the effect it would hava p«>duced, if not arrested, or 
placed in a state of tension ; but in the act of imposing this 
state, the relations of eqnitibritim with othei- bodies have 
been changed, and these move in their turn, so that motion 
of the same amonnt would seem to be ever affecting matter 
conceived iu its totalily, 

R'ess the hands violently togethei- ; the first notion m&y 
be that this is power locked up, and that no change ensues. 
Not 90 ; the blood courses more quickly, respiration is accele- 
rated, changes which we may not be able to traee, take place 
in the muscles and nerves, transpiration is increased j wo 
have given off force in yarions ways, and must, if the effort 
be prolonged, replenish our sources of power, by fresh chemi- 
cal action ia the stomach. 

In books which treat of statics aud dynamics, it is com- 
mon aud perliapa necessary to isolate tlio subjects of consid- 
eration ; to suppose, for instance, two bodies gravitatiisg, aad 
to ignore tlio rest of the universe. But no sucli isolation ex- 
ists in reality, nor eojild we predict the result if it did exist. 
Would two bodies gravitate towards each other in empty 
space, if spa^-e can be empty? the notion that they would ia 
fotmded on the theory of attraction, which Newton himself 
repudiated, iurther than as a convenient means of regard- 
ing ilio subject. For purposes of instruction or argnment it 
maybe convenient Ui if'-Time isolated matter: many con- 
clusions so arrived at may be true, but many will be 



If, in producing effects of tension or of static force, the 
effort made Ticrvades the univcrRc, it may be Raid, when the 
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bent spring is feed, wten the raiaed weigM falia, i 
series of motiosB nniBt be effected, and this theory would lead 
to a mere reciprocation, whicli would be equally impraduc- 
tive of permauent change with the annihilation of force. If 
raising tlie weight tas changed the centre of gravity of the 
earth, and thence of the universe,, the fell of the weiglit, it 
will be said, restores the original centre of gravity, and every- 
thing cornea back to its original statu?. In this argument we 
again, in thonght, isolate our experiment ; we neglect sur- 
roanding circranstaaces. Between the time of the raising 
and falling of the weight, be the interval never so small, 
nay, more, during the rising and during the fall, the earth 
l)aa been going on revolving round its asis and round ilic 
sun, to say nothing of other changoa, such aa temperature, 
cosmical magnetism, &c., which we nvay call accidental, bat 
which, if we knew all, would probably be found to be aa 
necessaiy and aa reducible to law as the moiiou of the eartli. 
A change haying taken place, the fall of the -weight does 
not bring back the staiiis quo, but other chaagea supervene, 
and so on. Nothing repeats itself, because nothing can 
he placed again in the same condition : tlie past is inx- 
voeahle. 
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II.— HOTIOH. 

MOTIOK — ^whicli has been taken as tiie main exponent 
of force ia tlie above examples — ^is the most obvious, 
the most <^stmctly conceiTed. of all the affectiona of matter. 
Visible motion, or relative change of position in apace, is a 
phenomenon so obvious to simple apprehension, that to at- 
tempt to define it woalJ be to render it more obscure ; hut 
with motion, as with all physical appearances, fliere are cejv- 
taia vanishiDg gradations or uadeflned limits, at which the 
obvious mode of action fades away ; to detect the continu- 
ing existeaee of the phenomena we are obliged t» liave re- 
ooiu-ae to other than ordinary methods of iuvesiigation, and 
sve frequently apply other and different names to the eSeets 
BO reeogoised. 

Thus sound is motion; and although 4u the earlier pe- 
riods of phOosophy the ideality of sound and motion wag not 
iraced out, and fliey were considered distia<^ affections of 
matter — indeed, at the eiose of the last centuiy a theory was 
advanced that sound was transmitffid by the vibrations of an 
ether— we now eo readily resolve sound into motion, tliat fo 
those who are familiar with acoustics, the phenomena of 
smmd immediately present to the mind the idea of motion, 
i. e. motion of ordinary inatter. 

Again, with regard to light : no doubt now exists that 
light moves or is accompanied by motion. Here the phe- 
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Domena of motioa are aot made evideiit by tie ordinaiy seu- 
suoss perception, as for instaaca the motion of a viaibly mov- 
ing projectilo would be,birtbyan in-cerse deduction from 
known relations of motion, to lime and space : as all observa- 
tion teaches ns that feodies in moying from one point in space 
to another occupy time, wo conclude tliat, wlierever a coa- 
tinning phonomeaon is rendered evident in two different 
points of space at different times, there is motioo, though we 
cannot see the progpossion. A similar deductioa convinces 
ua of the motion of electricity. 

As -we in common parlance speak of eouud moving, 
although sound is Hioiion, it requires so great stretch of 
imagination to conceive light and electricity as motions, and 
not as things moving. If one cad of a long har of metal be 
struck, a sound is soon perceptible at tho other end. This 
we now know to be a vibration of the bar ; sound is but a word 
expressive of tlie mode of motion impressed on the bar ; bo 
one end of a column of air or glass subjected to a Iwminous im- 
pulse gives a perceptible effect of light at the oflier end: this 
can equally he conceived to be a vibration or transmitted 
motion of particles in the transparent column : this qnestion 
will, hotvever, he further discussed hereafter ; for the present 
we wiU confine ourselves to motion within ■^e limits to which 
the term is usually restricted. 

"With the perceptible phenomena of motioa the iiMJutal 
conception hiis been iavariahly associated to ■which I have 
before alluded, and to ^vMcb the term force is given — 
the which conception, when wo analyse it, refers us to 
some antecedent motion. If we except the production of 
motion by heat, light, &c., which will he considered in the 
sequel, ^hen we see a body movJDg we look to motion hav- 
ing been comiaunicated to it by matter wliich has previously 
moved. 

Of absolute rest Nature gives us ao evidence : all matter, 
as fftr as we can ascertain, is ever m movement, not merely 
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in masses, bs wiili the pSanotaiy splisros, but silso mole- 
cularly, or throughout its ujost jntimat* structure : thus eveiy 
o^cTation of temperature produces a molecular change 
throughout the wliole substance heated or cooled; slow 
chemical or electrical actions, actions of light or iayisible 
radiant forces, are always at play, so that as a fact we can- 
not predicate of any portion of matter that it is abaolatcly at 
rest. Snppoaiiig, however, that motion is not an ii^ispfinaa- 
hle function of matter, but that matter can be at rest, matter 
at rest woiild never of itself cease to be at rest ; it would not 
move unleaa impelled to soch motion by some other moving 
body, or body which has moved. This proposition applies 
not merely to impulsive motion, as when a ball at rest is 
struck by a moving body, or pressed by a spring which has 
previously been moved, .bnt to motioE caused by attractions 
such as magnetism or gravitation. Suppose a piece of iron 
at rest iu contact with a magnet at rest ; if it he desired to 
move the iron hy the attraction of the magnet, the magnet or 
the iron must first be moved ; so before a body Mis it muet 
first be raised. A hody at rest would therefore continue so 
for ever, and a body once ip motion would continue so for 
ever, in the same direction and with the same velocity, un- 
less impeded by some other body, or afiected by some other 
force than that which originally impelled it. These propo- 
sitions may seem somewhat arbitrary, and it has been doubted 
whether they are necessary trjiths ; they have for a long time 
been received as aiioms, and fliere can at all events be no 
harm in accepting them as poatnlates. Il is howevei' very 
generally believed that if the visibie or palpable motion of' 
one body be arrested by impact on another body, the ibo- 
tion ceases, and the force which prodoccd it is swmnsi- 
lated. 

Kow the view which I venture to submit is, that force 
cannot he annihilated, but iL merely subdivided or altered in 
direction or character. First, as ta direction. Wave your 
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Land ; the motion, which has apparently ceased, is taltea up 
by the air, from the air by the walls of the room, &c., and 
BO by direct and reaeling waves, contimially commiimlad, but 
never destroyed. It is true that, at a certain poiHt, we lose 
all moans of detecting the motion, from its minute subdivi- 
sion, which (defies our most delicat* means of appreciation, 
but we can indefinitely extend our power of detecting it ac- 
cording as we confine its direction, or increase ihe delicacy 
of our examination. Thus, if the hand be moved m. uacoii- 
fined air, ihe motioa of the air trould not be sensible to a per- 
son et a few feot distance ; hut if a piston of the same extent 
of surface as the hand be moved with the same rapidity in a 
tube, tlie blast of air may be dfetinetly felt at several yards 
distance. There is no greater absolute amount of motioa ia 
the air in the second than in the first case, but ^s direction 
is restrained, so to make the means of detection more facile. 
By carrying on this restraint, as in the aii'-gun, we get a 
power of detecting the motion, and of moving other bodies at 
far gi'eater distances. The puff of air which would in the 
aiivgun project a bullet a quarter of a mile, if allowed to es- 
cape withoat its direction being restrained, as by the bursting 
of a bladder, would not be perceptible at a yard distance, 
though the same absolate amount of nwriioa he impressed on 
ihe surrounding air- 
It may, however, be asked, what becomes of force when 
motion is arrested or impeded by the counter-motion of another 
body? This ia generally believed to produce rest, or entire 
deetmetion of motion, and consequent annihilation of force : 
so indeed it may, as regards the motion of the masses, but a 
new force, or ccfv character of force, bow ensues, the expo- 
nent of which, instead of visible motion, is heat. I venture 
k) regard tlie heat which results from friction or percussion 
as a continuation of the force which was previously a 
ted witii the moving body, and which, when this impinges 
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another body, ceasing to exist as gross, palpable niotion, coa 
iis«eB to esist as Iieat. 

Thus, let two bodies, A aad B, I)c supposed to move in 
o^osite directions (putting for the momeat out of questioa 
all Ksistaace, such as tliat of the aii-, &c.), if they pass each 
other -wiOioiat contact ea«h will move oh for ever in its re- 
spective direction with the same velocity, but if tiiey touch 
each other the velocity of the movement of each ia reduced, 
and each becomes heated ; if this coatact he slight, or such as 
a hot a slight diminution of their velocity, as when 
f the bodies are oiled, then the hcafc is slight j 
but if the contact he such as to occasion a great diminution 
of motion, as in percossioB, or as when the surfaces are 
rougheacd, then tfie heat ia great, so that in all cases the re- 
sulting teat is proportionate to the diminished, velocily. 
Where, instead of resisting and consequenlJy impeding the 
motion of the body A, the ixsdy B gives way, or itself takes 
np the motion originally commmiicated io A, then wo have 
less heat in pi-oportion to the motion of the body B, for here 
the operation of the force continues in the form of palpable 
motion : thus the heat resulting from friction in the asle of a 
wheel is lessened by surrounding it by rollers ; these take up 
the primary motion of the axle, and the less, by this means, 
the initial motion ia impeded, the less is the resulting heat. 
Again, if a body move in a flaid, although some heat is pro- . 
duced, the heat is apparent!^ trifling, becanse the parfieiea of 
the fluid themselves raove, and continue the motion originally 
communicated to the moving body : for every portion of mo- 
tion communicated to them this loses an equivalent, and 
where both lose, then an equivalent of heat results. 

As the convorse of this proposition, it should follow tliat 
the more rigid the bodies impinging on each other the greater 
shotfld be the amount of heat developed by friction, and so 
we find it. Elint, steel, hard stones, glass, and metals, are 
fhrae bodies which ^ve the greatest amoimt of heat from 
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friction or pcrcassioa ; while water, oil, &c., give littlo or no 
h.pit anl irom the ready mobility of thoir particles lessen its 
di,\eIopement 'wheH interposed between rigid moving bodies. 
TIiiis, if -US oU the axles of wheels, we have more rapid mo- 
tios ot the bodies themsolves, but leas heat ; if we incres^e 
the re'fi&taiice to motioa, as by roughening the points of con- 
tact so that each particle strikes against and impedes the 
motion of otiiers, then we have diminished motion, but in- 
criased beat ; or if ibe bodies be smooth, but instead of slid- 
ing pjat each other be pressed closely together and then 
rubbtd, ive shall in many cases evolve more heat than 'by the 
lougboned bodies, as we get a greater number of particles in 
cmlact ind a gi-eafcr resistance to tbo initial motion. I can- 
not present to my mind any case of heat resulting Ixom fi,-ie- 
tion which is not esplicahle by tliis view : friction, according 
to it, is simply impeded motion. The greater the impedi- 
ment, the more force is required to overcome it, and the 
greater is the resulting heat; this resulting heat being a con- 
tinuation of indestructible force, capable, as we shall pres- 
ently see, of i-eproducing palpable motion, or motion of defl- 

- Whatever be the nature of the bodies, rough or smooth, 
solid or liquid, provided there be the same ioitial force, and 
tiie whole motion be ultimately arrested, Uiere shoold be the 
same amount of heat developed, thot^h where the motion is 
carried on through a great number of points of matter we do 
Bot so sensibly perceive the I'esulting heat from its greatei- 
dissipation. The friction of fluids produces heat, en effect 
flrat noticed I believe by Mayer. T!ie total heat produced by 
the frictiou of fluids should, therefore, it ivill bo said, be. 
equal to that produced by the friction of solids ; for although 
each particle produces little heat, the motion being readily 
talics up by the ue^hbouring particles, yet by the time the 
whole mass has attained a stat« of rest there has been the 
eame impedmjf of the initial motion as by the fi-iction of sol- 
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ids'if produced by the same iniijal force. If the heat bo 
viewed in the aggregate, aod aHowaocc be made for the spe 
fiifie thei-mal capacity of the sabstances employed, it probably 
j^ the same, thoogh apparently less ; the heat ia the case of 
solids being laanifestfld at certain defined poiats, while ia 
tiiat of flaida it is dissipated, both the time and spaee during 
and tlu-ough which the raotioa ia propagated differ in the two 
cases, so that the heat ia the latter caae is more readily cai'- 
ried off by surroanding bodies. 

If the body be elastic, and by its reaction the motion im- 
pressed on it by the initial force he continued, then the heat 
ia proportionately less ; and- were a aubstance perfectly elas- 
tic, and no resiatanco opposed to it by the air or other mat- 
ter, then the movement once impressed would be perpetual, 
and no heat would result. A ball of caoutchouc bandied 
aboat for many minutes between a racket and a wall is not 
perceptibly teated, while a leaden buUct projected by a gun 
against a wall is rendered ao hot as to bo intolerable fo the 
touch. : in the former case, the mntjon of the mass ia eontia- 
Tied by the reaction dae to its elasticity ; in the latter, the 
motion of the mass is extingaishcd, and. heat casuca, 

A peadulum started in the exhausted receiver of an air- 
pnmp continaes its oadUatioji for bonis or even days ; the 
friction at its point of suspension and the resistance of the 
air ia minimised, and the heat is imperceptible, but these tri- 
fling resistances in the end arrest the motion of the mass, the 
one- giving it out as heat, the other conveying the force to the 
receiver, and thence to surrounding bodies. Similar roaaoa- 
ing may be applied to the osciUation of a coiled spring and 
balance wheel. 

To "wind up a clock a certain amoant of force ia exjicnded 
by the arm ; this force is given back by the descent of the 
weight, the wheels move, the pendulum ia kept oscillating, 
heat ia generated at each point of frictioa, and the surroand- 
ing air is set in motioa, a part of which is made obvious to 
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ua hy the ticking sound. But it wiH be said, if inatoad oi' 
allowing the weight to a«t upon the machuieiy, the cord hy 
which it 13 suapeiided he cat, the weight drops and the force 
ia at aa end. By no means, for in this case the house ia 
shaken hy the concussion, and thus the force and motioa are 
contiutjed, while in the former ease the weight reaches the 
ground qaietly, and no evidence of force or inotion is mani" 
fcsted hy its impact, the whole having been previously dfasi- 
pated. 

If the initial motion, instead of being arrested by the im- 
pact of other bodies, as In firiction or pfercuaaion, is impeded 
by coniiaement or compression, as where tho dilatation of a 
gaa is prevented by mechanical means, heat equally rosalts : 
thus if a piston is used to eompi-ess air in a dosed vessel, tfee 
compressed air and, from it, the sides of the vessel \9ill be 
heated : the air being tmable to take up and carry on the 
original motion coramunicafes molecular motion or expansion 
(o aJl hodiea in contact with it ; and, conversely, if we ex- 
pand air by mechanical motion, as by withdrawing the pis- 
ton, cold ia produced. So when a solid has its particles com- 
pressed or brooght nearer together, as when a bar of iron is 
hammered, heat is produced beyond that which m due to per- 
dition alone. In this latter case we cannot very easily ef- 
fect the converse result, or produce cold by the medianical 
dilatation of a eolid, though tho phenomena of solution, 
where the particles of a solid are detached from each other, 
or drawn more widely aannder, give us an approximation to 
it: in the ca-^n of solmlion eoid is produced. 

"We are from a very extensive range of obserTation and 
experiment entitled to cohcIucEq tliat, with some curious ex- 
ceptions to be presently noticed, whenever a body is com- 
pressed or brought into smaller dimauBions it ia heated, i. e. 
it expands ncighboiiring substances, "Whenever it is dilated 
or increased in volnme it is cooled, or contracts neighbouring 
Eubstances. 
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Mr. Joule has made a great nuinber of esperimenta for 
lite purpose of aaceriflining what qvTantity of lieat is produced 
by a given mechanical action. His mode of experimenting 
IB 63 follows. An apparatus foi-med of floats or paddles of 
brass or iron Is made fo rotate ia a betb of water or mercu- 
ry. The power wMeli giyea rise to this rotation is a weiglit 
raised like a dock-weight to a certain height ; iliis by a«feig 
during ita fall on a spindle and pulley commtfnicates motion 
to tlio paddle-wheel, the water or mercary serving as a frio 
iioH mediiun and calorimeter ; and &e heat ia measured by a 
delicate mercurial thermometer. The results of his experi- 
ments ha considers prove that a fall of 773 lbs. through a 
Bpacu o' one foot is able to raise the tomperatare of one 
pound of water through one degree of Fahrenheit's theriaom- 
eter. Mr. Joule's experiments are of extreme delicacy-— he 
tobulates to the thousandth part of a degree of Fahreisheit, 
and a large nmnber of hia thormometric data are compre- 
hended within the limits of a single degree. Oilier experi- 
mentera have given very different numerical results, bat the 
general opinion aeems to be that the numbers given hy Mr. 
Joule are the nearest approximatioa to the tratli yet obtained. 

Hitherto I have taken so distiQction as to the physical 
character of the bodies imputing on each other ; but JTature 
gives us a remarkabla difference in the character or mode of 
the force eliminated by friction, accordingly as the bodies 
which impinge are homogeneous or heterogeneous : if tlie 
former, heat alone is produced ; if the latter, electridtj. 

>Te find, iadeed, instances given by authors, of electricity 
resulting irom the ftictioa of homogeneous bodies ; but, as I 
EiBted in ray original LectureB, I have not found such facta 
eonftrmed by my own experiments, and this conclusion has 
been corroborated by some experiments of Professor Ermanj 
coiamunieatod to tho meeting of the British Association in 
the year J 845, in which he found that no electricity resulted 
from the friction of perfectly homogeneous anbatance'i ; as, 
3* 
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for iaBtance, tho ends of a broken btw. Such experimenta as 
these wiU, iadeed, bo seldom firee from slight electrical cur- 
rents, on accoimt of the practical difficulty of fulflUiug the 
condition of perfect homogeoeify in the sahstances themsdvea, 
their size, their temperature, &c. ; but the effects produced 
arc very trifling and vary in direction, and ike i-esultaat effect 
b nought. Indeed, it would be difficult to conceiye the con- 
trary. How could we possibly image to the miad or de- 
scribe the direction of a cnireat from the same body to the 
same body, or give inatruetiona for a repetition of the exper- 
iment ? It would be unintelligible to say that ia robbing to 
and- fro two pieces of bismuth, iroa, or glass, a cniTent of 
electricity circulated from bismuth to bismuth, or from iron 
to iron, or from glass to glass ; for the question immediately 
occurs — from which bismuth to which, does it eirctilate ? 
And should this question be answered by calling one piece 
A, aad tiie other B, this would oaly apply to the particular 
specimens employed, the distinctive appshatioa denotmg a 
distinction in fact, as otherwise A could be Bubstitiit«d for B, 
and the bar to which the positive electricity flowed would in 
turn become the bar to which the negative electricity flowed. 
We may say that it circulates from rough glass to smooth, 
from cast iroa to wrought, for here there is not homogeneity. 
It is moreover conceivable, that when the motion is contin- 
uous in a definite direction, electricity may result from the 
friction of homogeneous bodies. If A and B rub against 
each other, revolving in opposite directions, concentric cur- 
rents of positive and negative electricity may be conceived 
circulaiing within the metals, and be described by reference 
to the direction of their motion ; this indeed would he a dif- 
ferent phenomenon from those we have been consid.ejjng ; but 
without some distinction between the two substances in qual- 
ity or direction, the electrical eifects are indescribable, if not 
inconceivable. 

When, however, homogeneous bodies are fractured or 
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aven robbed together, phenomena are observed to wliioh the 
term electricity is applied ; a fladi oi' Kae of light appears at 
Hie point of friction which by some is called electrical, hy 
others phosphorescent. 

I have myself observed a remarkable case of tho kind in 
the caoutctouc fabric now commonly nsed for waterproof 
clothing ; if two folds of this substance bo allowed to cobere 
ao as partly to niiite and present a ditficulty of separataon, 
then, on stripping tite one from the other, or fearing them 
asKnder, a line of light will follow the line of separation. 

K this class of phenomena be electrical, it ia electricity 
det«rmined as it is generated ; there is no dual cliaracter im- 
pressed oa the matter acting, the flash is electrical as a spark 
fi-om the percussion of fiint is electrical, or as the alow com^ 
bustion of phosphorus, or any other case of the development 
of heat and light. It seems to be better to class this phe- 
nomenon under the categories of heat and light than under 
that of electricity, the 3att«r word being retained for those 
casea where a dual or polar character of force is manifested. 
Li experiments which have been made by the friction of sim- 
ilar substances where the one appears posiliTely end the 
other negatively electrical, there will be found some differ- 
ence in the mode of rubbing by which tlie molecular state of 
the bodies is in aU probability changed, making one a dissim- 
ilar Bubetaaco from the other ; thus it is said by Bergmann, 
that wbea ^o pieces of glass are rubbed so that all the parts 
of one pass over one pail of the other, the former is positive 
and the latter negative. It is obvious that in this case the 
rubbing ia one is confined to a line, and that must be more 
altered in molecular stiiieture at the line of friction than the 
one where the friction js spread over the whole surface ; so 
if a ribbon bo diawn transveraely over another ribbon, the 
substance are not, ^la the rubbing action, identieal ; so 
again, m the luptuie oi ciyitals, wo are dealing with sub- 
stances haimg a polai iirangpment of particles — -the surfaces 
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of the fragmeatfi caimot be assumed to be molncnkrly Menti- 

Tiie derelopement of electricity tr^ the common electrical 
machine aiises, as far as I can nnderstand it, from the sepa- 
ration or FUjjtare of contiguity hetween di^milaa: bodies ; a 
metallic surface, the amalgam of the cushion, is in contact 
with glass ; tliese two bodies act apoa each other bj the force 
of cohesion ; and ivhea, by aa external m.echanieal force, 
tliis is niptxired, as it is at each moment of the motion of &e 
glass plate or cjHnder, electricity ia developed in each ; were 
they similar bodies, heat only would be deyeloped. 

According to tlie experiments of Mr. Sullivaa eleetridty 
may be produced by vibration alono if the sahstaace vibra- 
ting be composed either of dissimilar metals, as a wire partly 
of iron and partly of brass caused to emit a musical sound ; 
or of the same metal, i£ its parts be not homogeneous, as a 
piece of iron, one portion of 'which is hard and crystallised 
and the other soft and fibrous ; the curBent resulting appears 
to be dae to the vibration, and not to heat engendered, as it 
ceases immediately with tbe vibration. 

"We may say, then, that in oar present state of knowledge, 
where the mutually impinging bodies are homogeneous, heat 
and not electricity is the result of friction and percussion ; 
■where the bodies impinging are heterogeneous, we may safely 
state that electricity is always prodacod by friction or percus- 
sion, although lie&t in a greater or less degree ^comj^anies 
it ; but when we come to the question of ratio ia which fric- 
tional electricity is produced, as determined by the different 
characters of the sahstances employed, v/e find very complex 
resulta. Bodies may differ in so many particulars which in- 
fluence more or leas the developemcnt of eleeiricity, such as 
their chemical constitatioB, the state of their surfaces, their 
slate of aggregation, their transparency or opacity, their 
power of conducting electricity, &e., that the normce of their 
action are very difficult of attainment. As a general rule, it 
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may be said that ihe deTelopement of elocti-icity is greater 
when the substances employed are broadly distinnt ia their 
physical and chemical qnalities, and more parliciilarly in their 
conducting powers ; but Hp to the present time the laws gov- 
erning such dcTelopemeat hare not been even approximately 
dotermiaed, 

I have said, ia reference to the various forces or affectiona 
of matter, that either of them may, inediaidy or irn/mediaSely, 
prodaee the others ; and this is all I can venture to predicate 
of them in the present state of science ; but after much con- 
sideration I incline strongly to tlie opinion tliat science is rap- 
idly progressing towards the establishment of immediate or 
direct relations between all these forces Where it present 
no immediate relation is established between onj of tliena, 
electricity generally forms the ' intorvenmg link oi middle 
term. 

Motion, then, wall directly produce lyai and ehdrnity, 
and electricity, being prodoced by it, will pioduce majmtism 
—a force which is always developed by electncil currents at 
right angles to the direction of those currenio, as will be sub- 
sequently more fully explained. Light also is readilv pro 
duccd by motion, either directly, as when accompanying the 
heat of friction, or mediately, by electncitv ro&tilting from 
motion ; as In the electrical spart, which has most of the at- 
tributes of solar light, differing irom it on!) m tho'ie tespects 
in which light differs when emanating from different sources 
or seen through different media ; for instanLe, m the position 
of the fixed lines in the spectrum or in the ratios of the spaces 
occupied by rays of diSbrent reirangibilih In the decom- 
positions and compositions which the terminal points proceed- 
ing &om the conductors of an electricfJ maclime dovelope 
when immersed in different chemical media we get the pro- 
duction of chemical affinity by electricity, of whicli motsun is 
tlio initial source. Lastly, motion may be again reproduced 
by the forces which have emanated from motion ; thus, the 
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diTcrgenco of the electrometer, tlie reTointion of the electri- 
cal -wheel, the defleetioa of the magnetic needle, are, when 
resnlting from frictional electricity, palpable movements re- 
produced by tLe iatermediate modes of force, which hare 
themselves been originatod by motion, 
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IF we now take Heat aa our starting point, we shall Sad 
that tie other modes of force may be readily produced by 
it. To take motioQ first : this is so generally, 1 thiok I may 
say invariably, tlie immediate effect of heat, that we may almost, 
if not entirely, resolve heat into motion, and view it oa a 
mechanically repulsive force, a force antagonist to attractioa 
of coh(Bion or aggregation, and tending to ■mcroe the particles 
of all bodies, or to separate them from each other. 

It may be weH here to premise, that in using the temta 
' particle ' or ' molecules,' which will be frequently employed 
in this Essay, I do not use tiem ia the sense of the afomist, 
or mean to assert tJiat matter consists of indivisible partidea 
or atoms. The words wUI be need for the Hecesaary porpoae 
of contradistinguishing the actioa of (he iadeiinif«ly minute phy- 
sical elements of matter &oai th&t of masses having a seasi" 
ble mi^itude, much in the same way as the term ' linos ' or 
' points ' may be used, and with advantage in an abstract 
sense ; though there does not exist, in fact, a thing whict has 
length end breadth without thickness, and though a thing with- 
out parts or dimeusiona is nothing, 

Kwe put aside the sensation which heat produces in our 
own bodies, and regard heat simply as to its effects upon ia- 
orgaale matter, wa find that, with a very few axceptions, which I 
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aiiall presently notice, the effects of wktt is called heat are 
simply ea expansion of the matter acted upon, and that the 
matter ao expanded has the power hy its own contraction of 
communicating expanaion to all bodies in contiguity with it. 
ThuB, if the body be a solid, for instance, iron, a liquid, say 
water, or a gas, say atmospheric air — each of these, when 
heated, is expanded ia etcry direction ; hx the two former 
csiaes, by increasing the heat to a certain point, we change 
the physical character of the substance, the solid becomes a 
liquid, and the liquid becomea a gas ; these, however, are 
still expansions, particulariy the latter, when, at a certain 
period, the expanaionbecomes rapidly and iadefinitely greater. 
But what is, in fact, commonly done in order to heat a aah- 
stance, or to increase the heat of a siibatance ? it is merely 
" approximated to som.e other heated, that is, to aome other 
expanded substance, which latter ia cooled or contracted as 
theformer expands. LetaanowdiTest the mind of the impres- 
sion that heat is in itaelf anything substantive, aiid suppose 
that these phononiena are regarded for ihe first time, and 
without aay preconceived notions on the subject ; let lis in- 
troduce no hypothesis, but merely express afl simply as we 
can the facts of which we have become cognisant ; to what 
do they amount? to this, that matter has pertaining to it a 
molecular repulsive power, a power of dilatation, which is ' 
communioable by contiguity or proximity. 

Heat thus viewed, is motion, and this molecular motion 
we may readily change into the motion of masses, or motion 
in its most ordinary and palpable form : for example, in the 
steam engine, the piston and all its concomitant masses of 
matter are moved by the molecular dilatation of iha vapour of 
water. 

To produce continnoua motion there must be an alternate 
action of hsat and cold ; a given portion of air, for instance, 
heat«d beyond the temperature of the circumambient air, is 
expanded. If now it be made to act on a movable piston, it 
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moYes ttia to a point at wMch the teaaioa or elastic force of 
the confined air equals that of tlie snrroiuiding air. If tba 
confined air he kept at this point, the piston would remain 
atatjonaiy ; but if it be cooled, the external air exercising 
then a greater relative degree of pressure, flie piston returns 
towards its original poaition ; just as it will be seen, when we 
come to the magnetic force, that a mi^et placed in a partio- 
ular poaitioa produces motion in iron near it, biit to make 
this motion contintions, or to obtaia an available mechanical 
power, Urn jnagnet must be demagnetised, or a stable equUi- 
brium is obtained. 

In the case of the piston moved by heat«d air the molioa 
of the maas becomes the exponent of the amount of heatf— 
i. e. of the expansion or separation of the molecules ; nor do 
we, hy any of our ordmary methods, test heat in any other 
way than by its purely dyaamical action. The various modi- 
fications of the thermometer and pyrometer are all measuav 
era of heat by motion : in these instruments liquid or eolid 
bodies are expanded and elongated, i. e. moved in a definite 
direction, and, either by their own visible motion, or by the 
motion of an attached index, eommimicafc to oui- senses the 
amount of the force by which they moved. There we, in- 
deed, some delicate experiments which tend to prove -thai a 
repulsive action between separate masses is prodacedbyheat. 
Fresnel found that mobUo bodies heated in an exhausted re- 
ceiver repelled each other to sensible diatancea ; and Baden 
Powell found that the coloured rings nsually caliedMewlon's 
riDgs change their breadth and position, when the glasses be- 
tween which they appear are heated, in a manner which 
showed that the glasses repeUad each other. M. Faye's the- 
ory of comets is biaed on some such repellent force. There 
is, however, some difficulty in presenting these phenomemi to 
the mind in the same aspect as the molecular repulsive action 
of heat. 

The phosoniena of what is iermed latent heat have been 
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generally considered as strongly in favour of that view which 
regards heat cither as actual matter, or, at iJl erents, as a 
sutfftantive entity, and not a motion or affection of ordinary 
matter. 

The hypothesis of latent matter is, 1 venture with diS- 
denco to think, a dangerous one — ^it is something like the old 
principle of Phlogiston, it is not tangible, visible, audible ; 
it is, in fact, a mere subtle mental conception, and ouglit, J 
aubmitj only to be recei¥ed on the ground of absolute neces- 
sity, tli0 more so as these subtleties are apt to be carried on 
lo other natural phenomena, and so they add to the hypothe- 
tical acafiblding which is seldom requisite, and should be 
sparingly used, even ia the early stages of discoveiy. As an 
instance, I think a striking one, of the injurious effects of 
this, I will mention the analogous doctrine of ' invisible light ; ' 
and I do this, meaning no disrespect to its distinguished au- 
thor, any more than in discussing the doctrine of latent heat, 
I can be supposed, in the slightest degree, to aim at detract- 
ing from the merits of the illustrious investigatcrs of the facts 
which that doctrine seeks to explain. Is not ' invisible light,' 
a contradiction is terms ? has not light ever been regarded as 
that agent which affects our visual organs ? Invisible light, 
then, ia d^kness, and if it exist, then ia darksess light. I 
know it may be aaid, that one eye can detect light where 
anothei- cannot ; that a cat may see vfhere a man caimot ; tliat 
an insect may see where a eat cannot ; but tl en it ia not 
invisible light to those who see it : the light, or rather tlio 
object seen by the cat, may be inviahle to the man, but it 
ia visible to the eat, and, therefore, cannot abstractedly be 
said to be invisible. If we go further, and find an ageat 
which affects certain Bubetances similarly to light, but does 
not, BB far as we aie aw are, affect the visual organs of any 
(mimal, then is it not an erroneous nomcsclatiire ivhich calls 
smch an agent light ? There are many cases in which a da- 
viatioii from the once accepted meaning of words has so grad' 
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uallj entered jnto common ufttgo ai to bn nnaToidnble bat I 
\eaiuie to tlonk that additions to euch coses should as far 
as p&ssible be avoided, as injurious to that precision of lan- 
guage wlui'h J? one of tho P'rfest guarfs to knowlcdgi, and 
fix)in the absence of which physical leionco has oiitoually 
euffeicd 

Let lis now shortly cxaomie the (picitioii of latent hoaf 
and see i/hcthei the phenomena canjiot be i^ ■noil, li not 
more satisfactorily, explained n ithout flic hyuothcsis of la^ 
tent matter, tin idea presentmg minv similar difflcolties to 
that of inTisible lij^ht, thoUijh raore sanctioned by usage 
Latent heat la supposed to be fht, niattei of hcdt, aasowated, 
m a masked oi dormant sJate, ■with oidmarj matter, not ca- 
pable of being detected by any test so long as tlie mattei k ith 
wliidi it IS associated remains m tho same physical state, but 
communicated to or absorbed from other bodies, wlien the 
matter with which it is associated changes its state. To 
take a common example : a ponnd or given weight of water 
at 172°, mixed with an equal weight of water at 32°, will 
acquire a mean temperatare, or 102° ; while water at 172°, 
mixed with an equal weight of ice at 33", will be reduced to 
32°. By flie theory of latent heat this phenomenon is thus 
explained: — In the first case, that of tise mixture of water 
with water, both tlie bodies being in the same physical state, 
no latent heat is rendered sensible, or sensible heat latent ; 
but in tlie second, the ice changing its condition fi-om tho solid 
to tlie liquid state abstraflts from the liquid as much heat as 
it requires to maintain it in the liquid state, which it renders 
latent, or retains associated with itself, so long as it remains 
'liquid, but of which heat no evidence can bo afforded by any 



I believe this and similar phenomena, where heat jb con- 
nected with a change of state, maybe explained and dis- 
tinctly comprehended without recourse to the conception of 
latent heat, though it requires some effort of tho mind to di- 
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ve^t itself of this idea, aad to view the phonomona aimply in 
their dynamical relations. To assist us ia so viewing Oiem, 
let US &vbt parallel with putelj- mechanical actions, ccvtaJri 
simple effects of heat, where change of state (I mean such 
change as from the solid to the liquid, or liqnid to the gase- 
ous state) is not concerned. TIhk, place ■within a Teceiver a 
bladder, aad heat the air ■within to a lugher temperature 
iliaa that withont it, the blaJder expands ; ao, force the air 
medianically into it by the idr-pump, the bladder expands ; 
cool the air on the outside, or remove its pressure mechani- 
cally by an exhausting pump, the bladder ako expands ; con- 
Tersely, increase the eiteinal repellent force, eitiier by heat 
or mechanical pressure, and the bladder contratrfa. In the 
mechanical effects, tlie foi-ce which produced the distension 
is derived from, and at the expense of, the mechanical power 
employed, as from muscular force, from gravitation, from the 
reacting elasticity of springs, or any similar force by which 
the air-pimip may be -worked. In the heating effects, the 
force is derived from the chemical action in the lamp or 
source of heat employed. 

Let lis next consider the experiment ao arranged that the 
force, ■which produces expansion in the one ease, produces a 
correlative contraction in the other : thus, if two bladders, 
■with a eonaecting iteek between them, be half-filled with air, 
as the one is made to contract by preBSure the oOier will di- 
late, and vice vorsi ; so a bladder partly filled -with cold air, 
and eontainod within another filled -with hot air, expands, 
while the space between the bladders contjaots, exhibitJng a 
mere transfer of the same amount of repulsive force, the 
mobility of the particles, or their nmtual attraction, being" 
the same in each body ; in other words, the repulsive force 
acts in the direction of least re^tance until eqtiilibrium ia 
produced ; it lliea becomes a static or balanced, instead of a 
dynamic or motive force. 

Lot us now consider the ease where a solid ia to be 
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changed to a Kqsid, or a liquid to a gas ; iiere a much great- 
er amount of heat or repulsive force is required, on account 
of the cohesion of Uie particles to be separated. la order to 
separate the particles of iha solid, precisely as much force 
must he parted with hy the irarmer liquid body as keeps an 
equal quantity of it in its liquid state ; it is, indeed, only with 
a nsore striking line of demarcation, the case of the hot and 
cold bladder — a part of the repellent power of tlie hot parti- 
cles is traasfeiTcd to the cold particles, aud separates them io 
their turn, but the antagooist force of cohesion or aggregation 
necessary to be overcome, being in this caise much stroBger, 
requires and exhausts an exactly proportionate amooat of 
repellent rbrce meclianically to overcome it ; hence the differ- 
ent effect on a body such as the common thermometer, the 
espandmg liquid of which does not undergo a similar change 
of state. Tbua, in the example above given, of the mixture 
of cold with hot water, the hot imd cold water and the 
mercury of the ihermometeT being all in a liquid state before, 
and renmiiiing so after contact, the resultisg temperature is 
an exact mean ; tte hot water contracts to a certain extent, 
the coid water expands to the same extent, and the thoi> 
mometcT either sialts or rises the same number of degrees, 
accordingly as it had been previously immeraed in the cold 
or in the hot solution, its mercury gaining or losing aa equiva- 
lent of repeUent force. In the second instance, viz, the mix- 
ture of icQ with hot water, the substance we use as an indi- 
cator, ;. e. mercury, does" not undergo the same physics! 
change aa tliosc whose relations of volume we are examining. 
The force — viewiag heat simply as mechanical fores — whieli 
is employed in loosening or teai'isg asunder the partidea of 
the solid ice, is abstracted irom the liquid water, and from 
the liquid mercury of the thennometer, and in proportion as 
this force meets with a greater resistance in separating 
the particles of a solid than of a liquid, so tiie bodies 
which yield the force suffer proportionately a greater con- 
traction. 
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If we compare the action of heat on the two subatances, 
■water and mercury, alone, and fbrow ont of onr consideration 
the ice, we shall be able U> apply the samo view : thus, if a 
giyea source of heat be applied to watei- containing a merca- 
viai tlicrmometer, both the water and mercury graduaUy ex- 
pand, but in different degrees ; at a certain point tlie attrac- 
tive force of the molecules of the water is so far overcome 
that tiie water becomes vapour. At this point, the heat or 
force, meeting with much less resistance frpm the attraction 
of the particles of steam than from those of the mereusy, ex- 
pends iteelf upon the former ; the mei-ciu-y does not further 
expand, or expands ia an inflnitesimally small degree, and 
the stearai expands greatly. As soon as this arrives at a 
point where circumambient pressure causes its resistance to 
fintiier expansion to be equal to the resistance to expansion 
in the mercury of the thermometer, tlie latter again rises, 
and so both go on expanding in an inverse ratio to their 
molecular attractive force. If the drenmambient pressui-e be 
increased, as hy confining the water at the commencement 
of the experiment within a leas expansible body than itself, 
sach as a metallio chamher, then tile laercury of the ther- 
mometer continues to rise ; and if the experiment were con- 
tinued, the water being confined and not tlie mercury, until 
we have arrived at a degree of repiilsive force whidi is able 
to overcome the cohesive power of the mercury, so that this 
expands into vapour, then we get Uie converse effect; the 
force expends iiaelf upon ih.9 mercury, which expands in- 
definitely, ai the water did ia the first ease, and the water 
does not expand at all. 

Another very usual mode of regarding the subject may 
cmbaiT as at first sight, hut a little consideration will show 
that it is explicable by the same doi-f rine. Water which baa 
ice floating in it wiU give, when measured by tlie thermo- 
meter, tiie same temperature as the ice ; i. o. both the water 
and ice contract the mercury of the thermometer to the point 
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eoDventionally murkecl aa 33°. It may be said, bow is this 
reconcilcaLle with the dynamical doetriae, for, accoi'ding to 
that, the solid should take Irom. the mercary of die tliei-- 
mometer m.ore reptilsiro power than tlie liquid ; conse- 
quently, the ice should contract the mercury more than the 
water? 

My answer is, that in the proposition as thus stated, the 
quantities of the water, lee, and mercury are not takes into 
consideration, and hence a necessary dynamical element is 
neglected : if the olemcnt of quantity be included, tliis objec- 
tion will not apply. Let the thermometer, for instance, con- 
tain 13 oz. of mercury, and stead at 100° ; if p^ed in con- 
tact with an unhmifed quantity of ice at 32°, the meFcury 
will sink to 33''. If the same tliermometer he immersed in 
aa unlimited quantity of water at 32", the mercury sinks also 
to 33° ; not absolnf^ly, perliaps, becanse, however great the 
quantity of water or ice, it will be somewhat raised in tem- 
perature hy the warmer mercury. This elevation of tempera- 
ture above 33° wiU be smaller in proportion as the quantity 
of water or ice is larger than the quantity of mercnry ; and, 
as we know of no intermediate state between ice and water, 
the contact of a therisometer at a temperatnre above the 
freezing point with aay quantity of ice exactly at the freezing 
point would, tiseorotieslly speaking, liquefy the whole, pro- 
vided it had sufficieiit time ; for as eveiy portion of that ice 
would in time hai e iiS temperature raised by the contact of 
the warmer body, and as any elevation of temperature above 
the freezing point liquefies ice, every portion should be lique- 
fied. Practically speaking, however, in both cases, tliat of 
the water and of the ice, when the quantity is indefinitely 
gireat the thermometer falls to 32°, 

Now place the same thermometer at 100°, aacce^ively 
in one oz, of water at 32°, and ia one of ice at 32° ; we shoJl 
find in tiie former case it will be lowered only to 5i°, and in 
the latter to 32° ; apply to this the doctrine of repulsive force, 
and we get a satisfactory explanation. 
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la the first case, the qimatiiiea both of ice and water h& 
iag indefinitely great in respect to the mercury, ouch reduces 
it to its own temperature, viz. S2°, and the ice canaot reduce 
the mercury helow S2°, hecause it -wonld receive back repul- 
aive power from the newly formed water, and this woold be- 
come ice ; in the second case, where the qnanfities ai'c limited, 
the mercury docs lose more repulsive power by the ice thaa by 
the water, and the ohservations made in reference to the first 
illustration apply. 

The above doctrine is beautifully instanced in the experi- 
ment of Thilorier, by which earbonie acid ia solidified. Car- 
bonic acid gas, retained ia a strong vessel under great pres- 
sure, is allowed to escape from a small orifice ; the sadden 
expansion requires so great a supply of force, that in ferniah- 
ing the demands of the expanding gas certain other portioas 
of the gas contract to such an extent as to soUdify: thus, we 
have reciprocal expansion and contraction going on in one 
and tlie same substance, the time being too limited for the 
whole to assnme & uniform temperature, or in other words, a 
uniform extent of espaasion, 

It h^ been observed with reference to heat thus viewed, 
that it would be as correct to say, that heat is absorbed, or 
cold produced by motion, as that heat ia produced by it. Tliis 
difiiculty ceases when the mind has been accuatom,ed to re- 
gard heat aad cold as themselves, motion ; i; e. as correlative 
expansions and contractions, each being evidenced by relation, 
and being ineonceivable as an abstraction. 

For instance, if the piston of an air-pump be drawn down 
by a weight, cold is produced in the receiver. It may be here 
said tliat a mechanical force, and the motion consequent npon 
it, piodiieos cold; but heat is produced on the opposite side 
of tlie piston, if a receiver be adapted so as to retain the coni- 
prcssad air;-^ Assuming tliem to equivalise ea«h other, the 
force of the falling weight would be expressed by the heat of 
fi-iction of the piston agsunsfc ite tube, and by the tension or 
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power of reaction of the compressed againat flio dilated air. 
If the Iieat dae to compression be made to perform meoliani- 
cal work, it would pro tanto be eonaumed, and conld not 
restore tlie temperatiire to the dilated air ; but if it perform 
no work, no heat is lost. Mr. Joule has experimentally 
proved tliia proposition. 

In commencing the subject of heat, I asked my reader to 
put out of consideration the seBsatious which heat produces 
iUj our own bodies ; I did this because these sensations are 
likely to deceive, and have deceived many as to the nature of 
heat. These sensations are themselves occasioned by sicoi- 
lai espansioBS to those which we have been considering ; the 
liquids of the body are expanded, i. e. rendered less viscid by 
heat, and from their more ready flow, we obtain the aousfttioa 
of agreeable warmth. By a greater degree of heat, their ex- 
panMoa becomes too great, giving rise t£> a sense of pain, and, 
if pushed to extremity, aa with Uie heat which produces a 
bum, the liquids of the body are dissipated in vapour, and an 
injury or destruction of the organic structure takes place. A 
similar though converse effect may be produced by intense 
cold ; the application of frozen mercury to the animal body 
produces a bum similar to that produced by great heat,^and 
accompanied with a similia' sei^ation. 

Doubtless other actions than those aboVe mentioned inter- 
fere in producing the sensations of heat and cold ; but I think 
it will be seen that these wiU not affect the argunseats as lo 
the nature of heat. The phenomenal effects wiH be found 
unaltered : heat will still be found to be expansion, cold to be 
contraction ; and the expansion and contraction are, as with 
the two bladders of air, correlative — i. e. wa cannot expand 
one body, a, without oontvaeting some other body, b ; we 
cannot contract A witliout expanding b, assuming that we view 
the bodies with relation to heat alone, and suppose no other 
force to be manifested. 

I have said that there are lew exceptions as to heal being 
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always manifested hy aa expansion of matter- One class of 
these exceptions is oaly apparent; moiet clay, animal or 
vegetable fibre, and other suhstaiioes of a mixed aature, 
which contain matter of different characters, BOrae of which is 
moi-e and some less volatile, i. e. expansible, are contracted 
on the application of heat ; thia arises from the more volatile 
matter being dissipated in the form of vaponr or gas ; and the 
interstices of the less volatile being ihaa emptied, the latter 
contracts by its own cohesive attraction, giying thus a prima 
facie appeai-ance of contraction by heat. The pyi'omcter of 
"Wedgwood is explicable on thia principle. 

The second class of exceptions, ihoagh much more limited 
in extent, ia less easily explained. "Water, fused bismnth, 
and probably some other substances (though the fact as to 
them is not clearly established), expand aa ihey approach 
very near to the freezing or Bolidifyiog point. The most 
probable explanation of these exceptions ia, that at the point 
of maximoni density flie molecules of these bodies assume a 
polar or ciystaUine condition ; that hj the particles being 
thns arranged in linear directions like chevaux de frise, 
interstitial spaces are left, containing matter of less den- 
sity, so that the specific density of the whole mass is dimin- 
ished. 

Some recent experiments of Dr. Tyndall on the physical 
properties of ice seem, to favour this view. When a sun- 
beam, concentrated by a lens, is allowed to f^ on a piece 
of apparently homogeneous ice the path of the rays is in- 
ataatly studded with numerous loraiaoua spots like minute air 
bubbles, and the planes of freezing arc made manifest by 
these and by small fissures. Stars or flower-likc figures of 
six petals appear parallel to the planes of freezing, and seem- . 
iagly spreading out from a centi'al bubble. These flowei-s 
are formed of water. When the ice is melted in wai-m water 
no air is given off from the bubbles, so they seem to be va- 
enous ; it is, however, possible that extremely minute parti- 
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clea of air saffldent to form foci for tJh.o melting points of ico 
might be diseolved by tlie ivater &b soon as tliey came la con- 
tad; witli it. Be this aa it may, the existence of tlicae points 
fclirougbout the ica, where it gives way to flic heat of the solar 
beam, if it does aot prove ajrtuai vacuona or aeriform spaces 
(o exist in ice, proves that it is not homogeneons, that its 
structure is probably definitely crystalline, and that the 
matter composing it is ia different degrees of aggregation, so 
that ila mean specific gravity might Tvell he Icsa than that of 
water, 

Wc cannot examine piecemeal the ultimate atructnre of 
matter, but ia addition to the fact that the bodies which 
Gvinc© this peculiarity are bodies which, when solidified, ex- 
hibit a very ssarked ciysttJUne character, there aee experi- 
ments which show that wat«r between the point of masinnim 
density and its point of solidification polarises light eirculai'ly ; 
showing, if those experiments be correct, a structural altera- 
tion in water, and one analogous to that possessed by eertaiQ 
ciyataUino solids, and to tliat possessed by water itself, where 
it is forcibly made to (^same a polarised condition by the in-, 
Saeneo of magnetism. 

The accuracy of these resolta has, however, been doabted, 
and the experimeats have not anccoeded when repeated by 
very experienced hands. Whetlier this be so or not, and 
whether the above explanation of the exception to the other- 
wise invariable effect of expansion by heat be or be not re- 
garded as admissible, must be left to the jadgment of each 
fadividual who tliinks npon the aabject; at all events, no 
flieory of heat yet proposed removes the difficulty, and there- 
fore it oqaaJly opposes every othsr view of the phenom- 
ena of heat, as it does that which I havo here consid- 
ered, aad which regards heat aa communicable esjiansive 
force. 

As certain bodies expand in freezing, and indeed, ander 
some drcumstanecs, oefore they arrive at the temperatare at 
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which thoy soliJify, we get the appai-ent anomalj that the 
motion or mechanical force geaerated hy beat or change of 
temperature is reversed in direction when we arrive at the 
point of change fixiin the solid to the liquid state. Thus a 
piece of ice at the temperature of Zero, Fahrenheit, would 
expand by heat, and produce a mechanical force by each ex- 
pansion until it arrives at 32' ; but thoTt by an increment of 
heat it contracts, and if the Jirat expansion bad moved a pis- 
ton upwards, the subsequent contraction would briag it back 
to a certain extent, or move it downwards, an apparent nega- 
tion of the force of heat. 

Again with water above 40°, i, e, above its point of 
maximuia density, a progressive increment of cold or decre- 
ment of heat would produce contraction to a certain point, 
and then expansion or a mechanical force in an opposite direc- 
tion. Tbos.not only heat or tbe expansive force given to 
otter bodies by a body cooling would he given out by water 
freezing, but also the force due to tlie converse expansion in the 
body itself, end force would thus seem to be got out of noth- 
ing : bnt if water in a confined space be gradually cooied, the 
expansion attendant on its cooling as it approaches the freez- 
ing point would occasion pressure amongst its particles, and 
thence tend to antagonise the force of dilatation produced in 
them by eoohng, or to resist their tendency to freeze ; or in 
other words, the pressure would tend to liquefaction, and con- 
versely to the uBiujl effect of pressure, produce cold instead 
of heatj and thus neutralise some o£ the heat yielded by the 
cooling body. Hence we lind that it requires a lower tem- 
perature to freeze water under presaure than when exempt 
from it, or that the freezing point is lowered as the presaure 
increases for bodies which expand in freezing — an effect first 
predicted by Mr. J. Thompson, and experimentally verified 
by Mr. W. Thompson ; while as shown hj M. Bunsen, the 
converse effeci takes place with bodies which contract in 
freezing. Here the pre^ure cooperates witli tbe eifects of 
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cold, l)otJ» tending to approximate the particles, and sndi sub- 
staucea solidify at a higher temperature in proportion as the 
pressure is greater; so that we might expect a body of thia 
class, which under the ordinary pressure of the air is at a 
temperatnre just above its freezing point, to solidify by 
being snbmitted to pressure alone, the temperature being 
kept constant. 

A similar class of exception to the general effect of 
heat in expanding bodies is presented by Tclcanised caout- 
chouc. This has been observed by Mr. Gough, and, in- 
deed, was pointed out to me many years ago by Mr. 
Brocbodon to be heated whea stretched, and cooled when 
unstretched. 

Mr, Joide finds that its speciiic gravity is lower when 
stretched than when unstretched, and that when heated 
in its stretehed state it shortens, presenting in this par- 
ticular condition a similar series of converse relations to 
those which are presented by water near or at its feeezing 

"With the exception of this class of phenomena, which 
offer difficulties to any theory which has been proposed, the 
general phenomena of heat may, I believe, be explained upon 
a purely dynamical view, and more satisfactorily than by 
haTisg recourse to the hypothesis of latent matter. Many, 
however, of the phenomena of heat are involved ia much 
mystery, partieiilarly those connected with specific lieat or 
that relative proportionof heat which equal weights of differ- 
ent bodies require to raise them from a given temperature to 
anotlier given temperature, which appear to depend in some 
way hitherto inexplicable upon the molecnlar constitution of 
different bodies. 

The view of heat which I have taken, viz. to regard it 
simply as a communicable molecular repnlsive force, is sup- 
ported by many of the phenomena to which the term specific 
or relative heat is applied ; for example, bodies aa they in- 
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Ci-ease in temperature increase in Bpeeifie heat. The ratio 
of thia increase in apecific heat is greater with aoh.ds than 
■wilh liqm<l85 although Ihe latter arc more dilatable ; an 
effect probably depending upon the commencement effusion. 
Again, those metals whose rate of expansion inoreasea most 
rapidly when they are heated, increaao moat in specific heat ; 
and their specific heat ia reduced by percussion, which, by 
approximating titeir paiticlea, makes them specifically more 
dcna'e. When, however, we examine subatancea of yery 
difierent physical characters, we find that their apecific heata 
have no relatioa to their density or rate of cxpasaion by 
heat ; their diflereneea of specific heat mnat depead upon 
their intimate moleealar eonatitntion in a rnauner aceoonted 
for (aa far as I am aware) by no theory of heat hitherto 



In the greater nuiaber. prohably io all solids aiid liqaida, 
the expansion by heat is relatively greater aa the temperature 
ia liigher ; or, preserving the "riew of expansion and contrac- 
tion, if two eqaal porlioi^ of the same subatanco be juxta- 
posed at different temperatures, the hotter portion will con- 
tract a little more than the colder will expand ; from this 
faet, viz. Hiat the coefficient of expansion increases in a given 
body with tlie temperatore, and from other considerations, 
Dr. Wood has argued, ivith much apparent reason, that the 
nearer the pai-tides of bodies are to each other, tlie lesa they 
require to move to produce a given erpanslon or coatraetioa 
in those of aaother body. His mode of reasoniag, if I rightly 
conceive It, may be concisely put as foHowa : — 

As hodiea contract by cold, it is clear that, in a given 
body) the lower the temperatnre the nearer are the paiiiclea ; 
and, OS the coeflicicnt of espansion increases with the tem- 
perature, the lower the temperature of the substance ho, the 
less tlie partielea require to move, or approach to or recede 
from each other, so aa to compensate tlie correlatiTe n 
oi approach of the particles in a hotter portion 
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Bubstanco, that is, in another portion iii tho sa 
in which tfie pariicles are more distant from each other. 
The amount of approximation or recession of the particles of 
ft body, in otter worife, its change of bulk by a given change 
of temporaturo, being thus in a given anbstance an index of 
the relative prosimity of its particles, jnay it not be so of all 
bodies? The proposition is very ingeaionsly ai^:ncd by Dr, 
Wood, but the argnment is baaed Upon cei-lain hypotheses sls 
to tJic sizes and distances of atoEos, -wMch must be admitted 
as postulates by those who adopt his condvisioos. Dr. 
Wood seeks by means of this theory to explain the heat pro- 
duced by chemical combination, and I shall endeavour to give 
a sketch of hia mode of reasoning wlien I arrive at that part 
of my subject. 

Although the comparative eifocts of specific heat loay not 
be satisfactorily explicable by any known theory, the absolute 
efiect of heat upon each separate siibstanco iy simply expan- 
sion, but when bodies differing in tiieir physical charactera 
are used, the rate of expansion varies, if meaaiired by the 
correlative coatracfionF exhibited by the substaoces produc- 
ing it. Though I am obHged, is order to be inteUi^le, to 
talk of heat as an entity, and of ka conduction, radiatioa, &c., 
yet these espressiona ase, in. fact, inconsistent with the dyna- 
mic theory which regards heat as motion and nothing else ; 
thus conduction would fee simply a progressive dilatotion or 
molion of the particles of the conducting substance, radiation 
an undulation or motion of the particles of the medium 
throogh which the heat is said to be transmitted, &c. ; and it 
is a atrong argument in favoui- of this theory, that for every 
diversity in the physical cliaxaeter of bodies, and for every 
change in the stracture and arrangement of particles of the 
same body, a change is apparent in the thermal effects. 
Thns gold conducts heat, or transmits the motion called heat, 
more readily than copper, copper than iron, iron than lead, 
and lead than porcelain, &e, 
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So when the stmctiirc of r substance is not hooiogeneons, 
we have a cliange in the conduction of different parts depend- 
ent upon the stmcture. This is beaTitifuHy shown with 
bodies whose strncture is symmeti'ically arranged, as in crys- 
tals. SenarmoQt has shown that cryst-als conduct heat differ- 
ently in different directions with reference to the axis of 
symmetry, but definitely ia definite dii'ections. His mode of 
experimenting is as foLows : — A plate of the crystal is cut in 
a direction, for one set of esperiiueats parallel, and for 
another at right angles to the axis ; a tub© of platinum ia in- 
serted through the centre of the plate, and bent at one 
estreimty, so as to be capable of being heated by a lamp 
without the heat which radiates from the lamp affecting the 
crystal ; the surfacea or bases of the plate of crystal are 
covered with was. "When the platinum is heated, the direc- 
tion of the heat conducted by the crystal is made known by 
the melting of the wax, and a curved line is visible at the 
juncture of the solid aa^ liquid wax. This carve, with 
homogeneous substances, as gla^ or zinc, is a circle ; it is 
also a circle on plates of calc spar cut perpendicular to tha 
axis of symmetry ; but on plates cut parallel to the axis of 
symmetry, and having their plane perpendieular to one of the 
feces of the primitive rhomhohedron, tlie curves are well- 
defined eUipses, having their longer axes in the direction of 
the axis of symmetiy, showing that this axis ia a direction of 
greater conductibility. From experimenta of this character 
the inference is drawn, that ' iu media constituted like crys- 
tals of the rhombohedral system, the conducting power vanes 
in such a manner, that, supposing a centre of heat to exist 
withla them, and the medium to be indefinitely extended iti 
all directions, the isothermal surfaces are concentric ellipsoids 
of revolution roimd the axis of symmebry, or at least surfaces 
differing hut little therefrom.' 

Knoblauch has further shown, that radiant heat is absorb- 
ed in different degrees, according as its direction is parallel 
or perpendicular to the axis of a crystal. 
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If we select a siibataace of a dillereat but aJao of a definite 
structure, sudi as wood, we find tiiat heat progresses through 
it witli moie or le^ rapidity, according to ita dii-ection with 
reference to the fihra of the wood : thus DecaDdollo and De 
la Rive found that the conduction was better in a direction 
parallel )o the fibre tliaa in one transverse to it ; aad Dr. 
Tyndall hai added the fact, that the conduction fe better ia a 
direction transverse to the fibres and layers of ihe wood than 
when tr juaverse to the fibre but parallel to the layers, though 
in, both these directions the conduction h infei-ior to that fol- 
lowing the direction of tlie fibre. Thus, in the three possible 
directions in wHch the stracture of wood may be contem- 
plated, we have three different degrees of progression for 

la ttie above examples we see, as we shall see farOier on 
with rofei-enee to all ihe so-called imponderables, that the 
phenomena depend upon the molecolor structure of the Tna1>- 
ter affected : and although these facts are not absolutely in- 
consistent wiih the theory which supposes tbem to be fluids 
or entities, it will, I think, be found to bo far more consistent 
with that which views them as motion. Heat, which we are 
at present considering, oajinot be insulated: we cannot re- 
move the heat from a substance and retain it as heat ; we 
caa only transmit it to another substance, either as heat or 
as soma other mode of force. We only know certain changes 
of matter, for which changes heat is a generic name ; the 
timtg heat is unknown. 

Heat having been shown to be a force capable of pro- 
ducing motion, and motioa to be capable of pi-oducing the 
other modes of force, it necessarily folloVs that heat is capa- 
ble, mediately, of producing them ; I will, therefore, content 
myself with enquiring how far heat is capable of immediately 
producing the other modes of force. It will immediately 
produce electricity, as shown in the beautiful experiments of 
Seebecfc, one of which I have already cited, which experi- 
8* 
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ments proved, that when dissimilar metals are made to tOEch, 
or are soldered together aad heated at the point of contact, a 
cnrrent of electricity flows titrough the metals having a defi- 
nite direction according to flie metals employed, which em^ 
rent eontinuea as long as an increasing temperature ia grad- 
nally peiTading the metals, ceases when tlie temperature is 
atationarj', and flows in the contrary direction with the deci'c- 
ment of temperature. 

Another dms of pheuoaiena which have been generally 
attributed to the effects of radiant heat, and to which, from 
this belief,'^e term thermography has been applied, may 
also, in their turn, he mado to exhibit electrical effects — ef- 
fects here of Franklinic or static electricity, as Seebeolc'a ex- 
perimenfs showed effects of voltaic or dynamic electricity. 

If polished discs of dissimilar metiils — aay, zinc and cop- 
per — be brought into , close proximity, and kept there for 
some time, and either of them has irregularities upon its sur- 
face, a superficial outline of these Irregularities is ti'aceable 
upon the other disc, and vice versa. Many theories have 
been framed to account for Qns phenomenon, hut whether it 
be due or not to thermic radiations, the relative temperature 
of the discs, their relative impacities and conducting and 
radiating powers for heat, undoubtedly influence the phe- 



Now, if two such discs in. close proximity be coiiaeoted 
with a delicate electroscope, aad then suddenly separated, 
tlie electroscope is affected, showing that the reciprocal ra- 
diation fl;oni fltirfe.ce to surface has produced electrical force. 
I cite thfe experimeat in treating of heat as an initial force, 
because at present the probabilities are in favour of ttienaic 
i-adifttion proStidng the phenomenon. The origin of these 
so-called thermographic effects is, however, a qnestion open 
to much doubt, an& needs mtieh farther experiment. When 
I ;firat published the experiment whidi showed that the mere 
approximation of metallic discs would give rise to electrical 
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efiecta, I mciitioned that 1 considered the iiict of the superfi- 
cial change upon the surface of motals in proximity, aad, d 
fortioti, m contact, would explaia the developement of eleo- 
tiicity in Volta's ovipxwl contact experiment, witliout liaving 
recourse to the contact theory, i, e. a Useory -which supposes 
a force to "be produced by mere contact of diesimilar motala 
wiQiout auj molecular or chemical change. I h&ve "seen 
nothing to alter tliis view. Mr. Gasaiot has repeated and 
verilied my experiment with more delicate apparatus and 
under more unexceptionable circumatancea ; aad without say- 
ing that radiant heat is Ihe initial force in this case, we have 
evidence, by the Buperflcial change which takes place in 
bodies closejy approximated, that some molacnlar change is 
taking place, some force is called into action by their proxim- 
ity, which produces diangea ia matter as it expends, or 
rather transmits itaeF; aad, therefore, is not a force without 
molecular change, as the supposed contact force would be. 
The force in this, as in all other caaea, is not created, hut de- 
veloped by the action of matter on matter, and not annihi- 
lated, as it ifl shown by tliis expeiimeat to be convertible into 
another niode of force- 
To say that heat 'will produce ligM, is to assert a fact ap- 
parently familiar to eveiy one, liat there may be some rea- 
son to doobt whether the expression to prodnce light is cor- 
rect in this particular application ; the relation between heat 
and %M is not analogous to the correlation between these 
and the other four afestlona of matter. Heat and light ap- 
pear to be rather modiflcationa of the same force than dis- 
tinct forces mutually dependent. The mo^s of action of ra- 
diant heat and of light are so similar, both being subject to 
the same leews of reflection, refraction, and double ref^iction, 
and polarisation, that their difference appears to exist more 
in the manner in which they affect our senses thaa in our 
mental conception of them. 

The expetiments of Melloni, which haye mainly conti-ib- 
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uted to deinoiibtiate this close analogy of beat and light, af* 
ford a beititiM instmce of the assistance wMdi the pi-ogresp 
of one branch of phymcal science rendera to tliat of another 
The discoveries of Oersted and Seebeek led to the constmc- 
tion of an instrument for measuring femperatm-e, iaeompai-a- 
bly more delieaf« than any previously known. To distin- 
guisB it from the ordinary thermometer, this instrument is 
called the ihermomuUiplier. It consists of a series of small 
bars of bismuth and antimony, forming one aigeag chain of 
sifemationa arranged parallel to each other, in the shape of 
a cylinder or prism ; so that the points of jonction, which are 
soldered, shall be all exposed, at the bases of the cylinder : 
the two extremities of this series are united to a galvano- 
meter — that is, a flat coil of wire surromiding a freely-sus- 
pended magnetic needle, the direction of which is parallel lo 
the convolutions of tlie wire. "When radiant heat impinges 
upon the soldered ends of the multiplier, a thermo-electric 
current is induced in each pair ; and, as all tliese currents 
tend fo circulate ia the same direction, the energy of the 
whole is increased by the cooperating forces : this current, 
traversing the helix of the galvanometer, defieda tlie needle 
from parallelism by virtue of iJie electro-magnetic tangential 
force, and the degree of this deflection serves as the index 
of the temperature. 

Bodies examined by these means sliow a remarkable dif- 
ference between tJieir trauscalescsaee, or power of transmit- 
ting heat, and their transparency : thus, perfectly transparent 
alum arrests more heat than quartz so dark coloured as to be 
„opaque ; and alrnn coupled with green glass Melloni found 
was capable of ti^nsmittiag a beam of brilliant light, while, 
with the most delicate thermoscope, he could detect no indi- 
cations of transmitted heat : on the othei" hand, rock-salt, the 
most transcalescent body known, may be covered with soot 
antn perfectly opaque, and yet be found capable of transmit- 
ting a considerable quantity of heat. Radiant heat, when 
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ti-asBmitted tlH'osgli a prism of rock-salt, is foimd to be une- 
qtially refracted, as is the case witli light ; and the rays of 
heat thus elongated into what is, for tJie sate of analogy, 
called a spectrum, aire found to possess siitmiar properties to 
the primary or coloured rays of light. Tboa rock-salt is to 
heat what colourless glass is to light ; it transmits heat of all 
degrees of refrangibility : alum is to heat aa red glass to 
light ; it trai^mita the least, and stops tlie most refraagible 
raj« ; and rock-salt covered ■with soot represents bine glass, 
fransmittiag the most, and stopping the least refrangible rays. 

Certain bodies, agaia, reflect heat of diflerent refran^- 
bility : thus paper, snow, and lime, although perfectly white 
— that is, reSecting light of all degrees of refrangibility, re- 
flect Jieat only of certain degrees ; while metals, which are 
coloured bodies — that is, bodies which reflect light only of 
certain degrees of refrangibility — reflect beat of all degrees. 
Radiant heat incident upon substances whieh doubly refract 
light is doubly refracted ; and the emergent rays are polar- 
ised in planes at right angles to each other, as is the ease 
with light. 

The i-elation of radiation to absoi-ption also holds good 
with light as with heat: with the latter it has been loag 
known that the radiating power of diflerent substances is di 
rectly proportional to their absorptive and inverse to ibeii 
reflective power ; or ratter, that the sura of tte heat radia 
ted and reflected is a constant quantity. So, as has been 
shown by Mr. Balfour Stewai't, the absorption bears tlie 
same relation to radiation for heat as to quality as well as 
quantity. 

Light presents us with similar relations. Coloured glass, 
when heated so as to be luminous, eioita the same light 
whicli at oi-dinary temperatures it absorbs: thus red glass 
gives out or radiates a greenish light, and green glass a red 
tint. 

The flame of substances containing sodium yields a yel- 
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low light of giich pmity tliat other colaura e:q)osed to it ap- 
pear black — a phenomenoa shown ty the fiuniliar experiment 
of exposing a pictnre of bright eoioiirsj other than yellow, to 
the flam© of spiriia of wise ■with -nrhich common salt is mixed : 
the pietare loses its colours, and appears to be black and 
white. Wlien the prismatic spectnjin of sucli a flame ia ex- 
amined, it 13 found to exhibit two bright yello-w liaes at a cer- 
tain fisod po&itjon. If a source of light bo employed which 
gives no lines ia its spectnun, and tlds, being at a higher 
temperature, be made to pa^a through the soiUnia flame, two 
dark hues wiH appear in the spectrum precHoly coincident 
in position, with the yellow lines ■which were given by the so- 
dimn flame itself. The same relation of absorption to radian 
tion is therefore shown here : the substapce absorbs that 
light which it yields -vihen it is itself the goarce of light. 
The same is true of other substances, the spectra of which 
esMbit respectively lines of peculiar colour and position. 
Now, the polar prismatic spectrum is traversed by a great 
number of (Jark lines ; and Kirchoff has deduced from eon- 
siilerations auch as tho-.e which I have shortly slated, that 
those dark hues in the eohtr spectrum are doe to metals ex- 
isting in an atmosphere around the sun, which absorb the 
light from a central incandescent nucleus, each metal absorb- 
ing that light which would appear a& a bright line or lines in 
its own spectrum. 

By compsiring the position of the bright linos in the spec- 
tra of motaJs with tJiat of the dark lines in the solar spoc- 
trem, several of them are found to be m identically the same 
place ; hence it is inferred, and the inference seems reason- 
able, that the metals which show luminous lines in their spec- 
G-a, identical in position with dark lines in Hie solar spec- 
trum, exist in the bus, and are diffased in a gaseous state itt 
its atmosphere. It does not seem to me necessary to this 
conclusion to assume that the sun is a solid mass of incandes- 
cent matter ; it may well be ^at what wc term the photo- 
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Sphere or laminous envelope of the sun haa siirroiindiiig it a 
more diffuse atmospliere containing vaporised iae1«Is, and 
that the mass of the sun itself may be in a different statfl, 
and not necessarily at an incandescent temperature ; indeed, 
the protnberancea and red light seen at the period of total 
edipBM afford some evidence of an atmosphere esterior to 
the photosphere. It -would, howeyer, be out of place here to 
speculate on these subjects : the point which concerns us is 
the analogies of heat and light, which these discoveries illus- 
trate. Kirchoff h^ carried the analogy farther by showing 
tha,t a plate of tourmaline absorbs the polarised ray wliich 
when heated it radiates. Thus, the phenomena of light are 
imitated dosely by those of radiant heat ; and the same flie- 
ory which is considered most plausibly to account for tho 
phenomena of the one, will necessarily be applied to the otlicr 
agent, and in each case molecular change is accompanied by 
a change in the phenomenal effects. 

In certain cases heat appears to become partiaUy con- 
verted into hght, by changing the matter affected by heat ; 
thus gas may be heated to a very high point without pro- 
ducing light, or producing it to a very slight degree ; liut the 
introduction of solid matter — ^for instance, the metal platinum 
into the highly-heated gas — instantly exhibits hght. Whethei- 
the heat is converted into light, or whether it is concentrated 
and increased in intensity by the solid matter so as to become 
visible, may be open to some doubt ; the foct of solid matter, 
when ignited by the oxyhydrogen jet decomposing water, as 
■win be presently explained, would seem to indicate that the 
heat was rendered more intense by condensatioa in the solid 
matter, as water is in this case decomposed by a heated body, 
which body has itself been heated by ilm combining elements 
of ■w'ater. The apparent eJfeet, however, of the introduction 
of solid incombustible matter into heated gas, is a conversion 
of heat into light. 

There is another method by which heat would probably 
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lie made to produce luminoas effects, thoogb I am not uware 
tliat the experiment has ever been made. 

If we concentrate into a focus hy a large lens a dim light, 
we increase tlie intenaitj" of Uie light. Now if a heated body 
be taken, which, to tlie im^sisted eye, has just ceased to be 
visible, it seems probable that by coUeetiag and condensing 
by a lens the different rays which Lave BO ceased to be visi- 
ble, %ht would reappear at the focus. The experiment is, 
for reasods obvious to those acquainted with optio, a difficult 
one, and, to be conclusive, should be made on a large scale, 
and with a very perfect lens of large diameter and short fo- 
cus. I have obtained an approximatjoa to tho restilt is the 
following manner : — la a dark room a platinum wire ia 
brought just to tlio point of visible ignition by a constant vol- 
taic battery ; it ia then viewed, at a short distance, thi'ough 
an opera-glass of large aperture applied to one eye, the other 
being kept open. The wire wiU be distinctly visible to that 
eye Wliich regards it through the operas-glass, and at the same 
time totally invisible to the other and naked eye. It may be 
said with some justice that such experiments prove little more 
than the fact already known, viz. tlmt by increasing the in- 
tensity of heat, light is produced : they however exhibit this 
effect in a more striking form, as bearing on the relations of 
heat and light. 

Witi/ regard to chemieai ajlnil^ ami. magnetism, ^arha^a 
the only method by which in Btrictness the force of heat may 
be said to produce tliom is through the medium of eleetvidty, 
the thermo-eleotrical current, jn;odueed, as before described, 
by heating dissimilar metals, being capable of deflecting the 
magnet, of magaetibing iron, and exhibiting the othei" mag- 
netic effects, and also of forming and decomposing diemical 
compounds, and this in proportion to the progression of heat : 
this has not, indeed, as yet been proved to bear a measurable 
quantitative relation to the other forces thus produced by it, 
because so little of the heat is utilised or converted into elec- 
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Heat, howeTer, direclJy affects and modifies both the mag* 
net aad chemical compounds ; the anion of certain chemical 
substances is indKcsd by heat, as, for instance, the formation 
of water by the unioa of oxygen and hydrogen gases ; ia 
oflier cases this union is facilitated by heat, and in many in- 
sfances, as ia ammonia aad its salta, it is weakened or antag- 
onised. In many of these cases, however, the force of heat 
seems more a determiniog th&a a producing influence ; yet to 
be this, it must have aa immediate relation -with the force 
whoso reaction it detenoines : thus, although gunpowder, 
touched witli an ignited wire, subsequently carries on its owa 
oorabustioa or chemictd combination, independently of the 
original soarce of heat, yet the chemical affinities of the first 
portion touched must be exalted by, and at the cost of, the 
heat of the wire ; for to disturb even an unstable equilibrium 
requires a force in direct relation with those which maintain 
equilibrium. 

Since the fii-st edition of this essay wi« published, I have 
communieatad to the Eoyal Society some espei-imenis by 
which an important esception to the general effect of heat on 
chemical affinity ia removed, and the results of which induce 
a hope that a generalised relation will ultimately be estab- 
lished between heat, chenucal aSinity, and physical attraction. 
I find that if a subsfance capable of supporting an intense 
heat, and incapable of being acted upon by water or either 
of its elements — such, for instance, as platinum, or iridium: — 
be raised to a high point of ignition and then immersed in 
water, babbles of permanent gaa ascend from it, which oa 
examination are found to consist of mixed oxygen and hydro- 
gen in the proportions in which they form water. The tem- 
perature at which this is effected is, according to Dr. Itobin- 
soa, who has since written a valuable paper on ilie subject, 
«■ 2386°. Now, when mixed oxygen aad hydrogen are ex- 
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posed to a lemperature of about 800°, iliey combiae and form 
water ; beat tborefore appears to sot diffcrontly upon these 
elements according to its intensitj-j in one case producing 
composition; in ilie other decomposition. Mo satisfactory 
means of reconciling this apparent anomaly have been pointed 
out : the best approiimalion to a theory wliieli I can frame is 
by assuming tliat the constituent molecules of water arc, be- 
low a certain temperature, in a state of stable cqailibriam ; 
that the molecules of mixed or osyhydi'Ogen gas are, above a 
certain temperature, also in a state of stable equilibrium, but 
of an opposite chai-a«tei- ; while below tliis lattei' tempera- 
ture the molecules of mixed gas are iu a state of imstable 
equilibrium, somewhat sinular to that of the fiilminatos or 
Binular bodies, iu which a slight derangement subverts the 
nicely-balanced forces. 

If, for instance, we suppose foor molecules, A, B, C, D, 
to be in a balanced Btet« of equilibrium between attracting 
and repelHng forces, the application of a repulsive force be- 
tweea B and C, though it may stUl fartiier separate B and C, 
wiU approximate B to A and C to D, and may bring them 
respectively within the range of attractiva force ; or, sup- 
posing the reputaive force to te in the centre of an indefinite 
sphere of particles, all these, excepth^ those immodiafedy 
acted on by the force, will be approximated, and having from 
attraction assumed a staf« of stable equilibrium, they will re- 
tain this, because the repulsive force di¥idi,d by the mass is 
not capable of overcoming it. But if the repulolve foi-o« be 
increased in quantity and of eufficicut intensity, thtu the at- 
tractive force of all the molecules may be overcome, and do- 
eomposition ensue. Thus, water or steam below a certain 
temperature, and mixed -gaa above a certain temperature, 
may be supposed to be in a st^te of stable equilibrium, whilst 
below this limiting temperature, the cquilibilum of oxyhy- 
drogeu gas is unstable. 

This, it must be confessed, is but a crude wode oi e^qilain- 
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iDg tlie plienomeiia, ami requires ilie assumption, tliat the 
4iarticles of a gaa eserciae aa attraotion for each othei- as do 
the parlacleB of a solid, though different in degree, perliaps in 
kind. Whether this be bo or not, there can he no doubt that 
both gases and solids expand or contract according to tlie ia- 
vcrac eoatraction or expansion of other aeighlionring bodieg, 
and so far resemble eact other la their relations to heat and 
cold. The extent to which soch expansion or contraction 
can be carried, seems to bo limited only by the correlative 
state of other hodiea ; these again, hy others, and ao on,' as 
far aa wo may judge, throughout the Tiniyerse. 

Adopting the explanation above given of the decomposi- 
tion of water by heaf, heat would have the same relation to 
chanxieal affinity ae it liaa to phj^ictd attraction ; its imiae- 
diate tendency ia anJagonistic to both, and it is only hy a sec- 
ondary action that chemical affiniiy ia apparently promoted 
by heat. This view woald explain how heat may promote 
changes of the eqsilibrium of chemical afSnity among mixed 
compound subsianees, by decomposing certain compounds and 
separating elementary con&titscats whose affinity is greater, 
when they are brought within the sphere of attraction for the 
substance with which they are mixed, than for tiioso witli 
which tliey were originally chemicaliy united : thss an intense 
heat beir^ applied to a mistnre of cldorine and the vapour 
of water, occasion the production of muriatic acid, libera- 
ting oxygen. 

Carrying out this view, it woidd appear that a sufficient 
intensity of heat might yield indefinite powers of decomposi- 
tion ; and there seems some probability of bodies now sup- 
posed to he elementary, being decomposed or resolved, into 
further elaiaents by the application of heat of sufficient inten- 
sity ; or, reasoiUDg conversely, it may fali'ly he anticipated 
that bodies, which wiU not eater into conibination at a certain 
temperature, will enter into combination" if their temperature 
be lowered, and that thus new compounds may be formed hj 
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a proper disposition of their constituenta when exposed to an 
extremely low temperature, and the more so if corapreSBion 
be also employed. 

In conaidering tie effect of lieat as a mechanical force, it 
would be expected, d priori, and independently of any tlieory 
of heat wMcli may be adopted, that a given amount of beat 
acting on a given material lanat produce a given amount of 
motive power ; and the naxt question which occurs to the 
mind is, whetlier the same amonnt of heat would produce the 
ealne amount of mechanical power, whatever be the material 
acted on or affected by the heat. I will endeavour to reason 
this out on the view of heat which I have advocated. Heat 
has been considered in thw essay as itself motion or mechan- 
ical power, and quantity of beat as measured by motion. 
Thas, if by a given contraetion of a body (say mercury) air 
within a cylinder having a moveable piston be expanded, the 
piston moves, and in this case the espansioE or motion of the 
material (say iron) of the cylinder itself and of the air sur- 
ronnding it is commonly neglected. As the air dilates it be- 
comes colder ; in other words, by undergoing expansion itself, 
it loses its power of making neighbouring bodies expand ; 
but if the piston be forcibly tept down, the expansive power 
due to the mercuiy continues to coismunicate itself to the 
iron and to the son-ounding air, which become hotter than 
they would if the piston had given way. 

Now, in the above case, if the air be eoniined and its 
volume unchanged, will the expansion of the iron, assuming 
that it can be utilised, produce an exactly equivalent mechan- 
ical effect to that which the expansion of the air would pro- 
duce if the heat he entirely confined to ii 

Assuming that (with the e 
pand in freezing, where, through a limit* 
ture, the converse effects obtain) whenever a body is 



pressed it is heat«d, i. e. it expands nei 



of bodies whleli ex- 
ited range of tempera^ 



^ghbottring substances ; 



whenever it is dilated or increased in volume it is cooled, i. 
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it contracts neiglibouring siabstance? — ^the oonelusioa ap- 
pears to me iaevitable that the raechanieal power produced 
by teat -will be definif*, or the same for a given amount and 
intensity of heat, whatever be She eabstance act«d on. 

Thus, let A he a definite source of heat, say a ponnd of 
mercury at the t«mperature of 400° ; let B lie another equal 
and similar source of hsat: suppose A he employed to raise 
a piston by the dilatation of air, and B "to raise another pis- 
ton by tJie dilatation of the vapour of water. Imagine the 
pistons attached to a beam, so that they oppose each other's 
action, and thus represent a sort of calorific balance. If A 
being applied to air eonld conquer B, which is applied to 
water, it would depress or throw back the piston of the latter, 
and, by compressing the vapour, occasion an Increase of 
temperatiH-e ; this, in its turn, would rais? the tempei-aturo 
of the soui-ce of heat, so that we should have the anomaly 
that a pound of mercury at 400" could heat anotlier pound 
of mercury at 400° to 401°, or to some point higher tlian its 
original temperature, and this without any adventitious aid ; 
it will be obvious that this is impossible, at least coatradic- 
tory to the whole range of our experience. 

The above experiment U ideal, and stated for the object 
of giving a more precise form to the reasoning ; t« bring the 
idea more prominently into relief, all statements as to quan- 
tities, specific heats, &c., so as to yield comparative results 
for ^ven materials, are omitted. The argument may be 
thus stated in another form, viz, that by no mechanical appli- 
ance or difference of material acted on can a given source 
of heat be made to produce more heat than it originally 
possessed ; and tliat, if all be convcrled into mechanical 
power, an excess cannot be supposed, for that could bo con- 
verted into a surplus of beat, and be a creation of force ; and 
a deficit cannot be supposed, for that would be anaihilation 
of force. I cannot, however, see how the theoretical concep- 
tion eoold be verified by experiment ; the enormous weights 
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and tlio complex mechanical eoatrivanoea requiaite to give 
the meaaare .of power yielded hj matter in its leaa dUatable 
foi-ms, woiild 1)0 far beyoud ovr present experimental rc- 
onrccs. It would also be difficult to prevent the interference 
of molecular attraetions, inertia, &c., the overcoming of 
wMct expends a part of the raeclianiea! power generated, 
but which could hardly he made to appear in the result. 
We could not, for inatance, practically realise the above con- 
caption by the constmofiou of a maohine which should act by 
the expansion and contraction of a bar of iron, aad produce a 
power equal to that of a ateam engine, suppKcd with an equal 
quantity of heat, 

Carnot, who wrote in 1824 an essay on ilio motive power 
of heat, regarded the mechanical power produced by heat sa 
resulting from a, transfer of heat from one point to another, 
without any ultimate loas of heat. Tlius, in the actios of an 
ordinary steam engine, the heat from iJie furnace having ex- 
paiided the water of the boiler aad raised the piston, a 
mechanical raotion is produced ; but this caEUot be continued 
withoat the removal of the heat, or the contraction of the ex- 
panded water. This is done by the condenser, and the piston 
descends. E«t thea we have apparently transferred the heat 
from the furnace to the condensisr, and in the transfei- effected 
mechanical motion. 

Should the mechanical motion produced by beat be con- 
sidered as the egect of a simple tranaferenco of heat from one 
point to another, oi' as the result of a conversion of heat into 
the ineehanioal force of which this motion is tlie result? Tliis 
question leads to the foUowisg ; docs tlie heat which genei-atea 
the mechaaicai power return to the thermal maohino aa heat, 
or is it TOQvey^ away by the work performed? 

If a definite quantity of air be heated it is expanded, and 
by its esjjansion it cools or Iosm some of its power of com- 
manlcating heat to neighbom-ing bodies. That wliich we 
should have called heat if the expausion of the aii' had been 
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proveuted, wu call mochanical effect, or may view as coaverted 
into medianicai effect ceMing to lie lieat ; liit, tkrowing out 
of tiUe questioQ neryous sensation, this expansion or mechani- 
cal effect is all the evidence "we liave of heat, for i£ the air is 
allowed to expand freely, this expansion becoraoa tlie indes: 
of the, heat ; if the air be confined, the expansion of the 
matter of the vessel confining it, or of the mereurj- of a ther- 
mometer in contact ■with it, &c., are ilic indices of tJie heat. 

If, again, the air which has been expanded Ije, by mechani- 
cal pressure or by other means, restored to its original bulk, 
it is capable of heating or expanding olher sabsfances to a 
degree to wlndi it would sot be equal, if it had remained in 
its expanded state. To produce conthmous ikoHou, or tlie 
up and down atroke of a piston, we must heat and cool, just 
as -mik a magnetic machine we mast monetise and demagne- 
tise in order to produce a continuous meclianieal effect ; and 
althoagh, from the impossibility of insulating hoai, some heat 
is apparently lost in the process, tlie result roay be said to be 
effected by tlie transfer of heat front the hot to the cold body, 
fixjm the fiiraace to the eondenaei-. But we m&j equally well 
say that the heat has been converted into meclianieal force, 
and the mechanical force back into heat; the effects ai-e 
always correlative, as are the mechanical effects of aa air 
pump, with which, sa we dilate tlie ah' on one side, we coa 
dense it on tlie other ; and as we cannot dilate without the 
reciprocal condensation, so we canaot heat without the recip- 
rocal cooling, or vice vers4, 

Hitherto the resistraices of the pmton or of any supei-im- 
posed weight have beea thrown oat of consideration, or, what 
amoimta to the same thing, it has been asaamed timt the 
weight raised by the piston has descended with it. The heat 
has not meTsly been employed in dilating the air or vapour, 
but in raising the piston with its weight. IS, fs the vapour 
is cooled, the weight be permitted to descend, its mechanical 
force r^torcB the heat lost by the dilatation ; but in this case 
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no part of tlie power can be abstracted so as to be employed 
for any practical purpose : this question then follows, what 
takes place with regard to the initial heat, if, after tiie ascent 
of the piston, the weight be removed so as aot to lielp the pis- 
ton in its descent, but to fall upon a lever or produce some 
osrtraneons meehanical effect? 

To answer this question, let ua suppose a weight to rest 
an a piston whicli confines air at a definite temperature, Bay 
for example 50°, in a cylinder, the whole being assumed 
fo be absolutely non-conducting for heat. A part of the heat 
of this confined air will be due to the pressure, since, as 
we have seen, compression of an eUatic fluid produces 
heat. 

Suppose, now, the confined air to bo heated to 70°, the 
piston witli its superincumbent weight will ascend, and the 
temperature, in consequence of the dilatation of the air, will 
be somewhat lowered, say to 69' (we wiH assinne, for the 
sake of simplicity, that the heat engendered by the friction of 
the piston corapeneates the force lost hy friction). 

The piston having reached its maximum of elevation, let 
a cold body or condenser take away 20° from the temperature 
of the confined air ; the piston will now descend, and by the 
compression which the weight oa it produces, ^vill restore the 
1° lost by dilatation, and when the piston reaches its original 
position the temperature of the air will be restored to 60°. 
Suppose this experiment repeated up fo the rise of the piston ; 
but when the piston is at its fiiU elevation, and the cold body 
applied, let the weight be removed, so as drop upon a wheel, 
or to be used for other mechanical purposes. The descead- 
isg piston will not now reaeli its original point without more 
heat being abstracted ; in cosaequence of the removal of the 
weight, there will not be the same force to restore the 1°, and 
the temperature wOl he 49°, or some fraction short of the 
original 50°. If this were othei-wise, then, as the weight in 
falling may be made to produce heat by friction, we sliould 
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Iiaya more lieat than at first, or a crealion of heat out of noth- 
ing-^ia other words, perpetual motion. 

Let us now aseume that this 30" suppHed in tlie first in- 
stance was yielded by a body at 90°, of auch size and material 
tiiat its total capacity for heat is equal to that of the mass of 
confined air : this body would be rednced in temperature to 
70°, in other words, our furnace would have lost 20" of heat. 
Lot the cold body of the same size and material, aaed as a 
coadenser, be at 30°. In the firat experiment, tlie body at 
80° would bring back the piston to its original point ; but in 
the second experiment, or that where the weight has been 
removed, the body at 30° would not safBce to restore the pis- 
ton : to effect this, the cold body or condenser mast be at a 
lower temperature. 

The question in Carnot's theory, which is not experi- 
mentally resolved, and which presents osfreme experimental 
difficulty, is the following: Granted tliat a piston willi a ' 
superimposed weight be raised by the ihcrmic expansion of 
confined gas or vapour below it ; if the elastic medium he 
restored to its original temperature by cooling, the weight in 
depressing the piston wiU restore that portion of the heat 
which has been lost by the expansion, and by the mechanical 
effect consequent thereon ; but if the weight be removed when 
at its maxinmm of elevation, and the piston be brought back 
to its starting point by a necessarily c«oler body than could 
restore it if the weight Were not removed, would the return of 
the piston now restore the heat which had been lost by the 
dilatation, or, in other words, would pulling the piston down 
hy cold restore the heat equaDy with the pressing it down by 
meclianieal force? The argument fi'om the impossibility of 
perpetnal motion wonid say no, for if aU the heat were 
restored, the mechanical effect produced by the fall of the 
weight, or the heating offset whicli might be made to 
result from this mechanical power, would be got from 
nolhiuc. 
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Tlien foHowa anoflier question, viz. whetlicr, where an esr 
teraal or derived mediaaical effect has been obtained, would 
the return of the piaton, effected without the weight or exter- 
nal force to assist it, but solely by the colder body, give to 
this latter the same number of therjaometrio degrees rs had 
been lost by the hot body in the first instaneo ? Suppose, for 
instance, the cold body in our experiment to be at 20° instead 
of 30°, would tbis body gain 30°, and then reach the tomperOf 
ture of 40" when the piston is brought back, or would its 
temperature be higher or lower than 40°? The argument 
from the impossibility of perpetnal raofioa does not apply 
here, for it does not nece^arily follow that 20°, on the ther- 
mometric scale from 20° to 40°, represents an equal amount 
of force to 20° on the scale from 70° to 90°, and therefore it 
is quite conceivabfe that we may lose 20° from the furnace, 
and ^dn 20° in the condenser, and jet liave obtained a cer- 
tain amount of derived meehanicd power. It will also follow, 
upon a eonaideration of the above imagiaary cxperimeats, 
that the greater the mecliahieal power required, the greater 
should be the difference between the temperatsre of the 
furnace and that of the condenser ; but the exact relation in 
temperature between these, for a given mechanical effect, has 
not, as tar as I am aware, been satisfactorily established by 
espeiTment, though it has bees shown that steam at high 
pressure prodaci^, •comparatively, a greater mechanical 
effect for the sainc number of degrees than steam at low 
pressure. 

Camot, assmniug tlie number of degrees of temperature 
to be restoredj but at a lower point of the thermometric scale, 
termed this tlie fall {chute) of caloric. The mechanical effect 
of heat, on this view, may be likened to tlrnt of a series of 
cascades on water-wheek. The highest cascade turns a 
wheel, ajjd produces a. given mechanical effect; the water 
which has produced tliia cannot again effect it at the same 
level without being carried back to its oi-iginal elevation, i. e. 
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without an extra force being emfloyod equivalent to, op 
ra.her a fi-actioa mure than the force of the descending 
water ; but though its power is spent wifh, reference to tlte 
first wheel, the same water may, hy falling over a new 
precipice upon a second wheel, again reproduce the same 
luochaaieai effect (strictly speaking, rather more, for it lias 
approximated the centre of gravity), and so on, antil ao 
lower faU can be attsuaed. So with heat : it involves no 
necessity of assuming pei^etual motion to suppose that, after 
& given mechanical effect, produced by a certain loss of heat, 
the number of degrees l<Mt fi-om the original temperatm-e 
may be restored to the condenser, but at a lower point of the 
thonnoraetric scale. 

If work has been done, i. e. if force has been patted 
with, the original temperature itself canEOt be restored, but 
there is no a priori impossil^lity in the same number of 
degrees of heat as have been converted into work being con- 
veyed to a condensing body so cold that, when it receives thia 
heat, it n ill still be below the original temperature to which 
the work-produemg heat was added. 

la lie theory of the steam-oaginc, this subject posscBSM 
a great practical interest. "\Yatt supposed that a given 
weight of water required the same quantity of wliat is 
termed total heat {that is, the sensible added to the latent 
heat) to keep it in the state of vapour, whatever was the 
pressure to wliich it was subjected, and, consequently, how- 
ever its expansive force varied. Clemeat Dosonnes wan 
^so enpposod to Iiaie expeiimentally verified this law. If 
thia were bo, vapour raising a piston witli a ii-eiglit attached 
would prodnee mechanical power ; and yet, the same heat 
esisting as at first, there would he no expenditure of the 
initial force ; and if we suppose that the heat in tlie condens- 
er was the real representative of the oiiginal heat, we 
should get perpetual motion. Southern supposed that the 
latent heat was coasttmt, aad that the heat of vapour under 
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preasiire increased aa tlie senfiible lieat. M. Despretz, ia 
1833, made eoms experiments, whidi led him to tlie coa- 
elusioji that the increase was not ia the same ratio as the 
sensible heat, but that yet there was an increase ; a result 
confirmed and verified with great accnrafly by M. Kegaaiilt, 
in some recent and elaborate researches. What seems to 
have occasioned the error in "Watt aad Clement Desormes' 
experiments was, the idea involved in the term latent heat ; 
by wliich, supposing the phenomenon of the disappearance of 
sensible heat to be due to the absorption of a material sub- 
stance, that substance, ' caloric,' was thought to be restored 
when the vapour was condensed by water, even thoogh the 
water was not subjected to pressure ; but to estimate the 
total heat of vapour under pressure the vapour should be 
condensed while subjected to the same pressure as that under 
which it is generated, as was done in M. Despretz; and M. 
Regoault's experiments. 

M. Seguin, in 1839, conti-overted tlie position that derived 
power could be got by ihe mere transfer of heat,' and by 
calculation from certain known data, such aa the law of 3Har- 
iotfe, viz. tliat the elastic force of gases and vapours increas- 
ed directly with the pressure ; and assuming that for vapom- 
between 100° and 150" centigrade, each degree of elevation 
of temperature was prodoced by a thermal unit, ho deduced 
tlie equivalent of mechanical work capable of being perform- 
ed by a given decrement of heat ; and thus concluded that, 
for ordinary pressures, about one gramaie of water losing 
one degree centigrade would produce a force capable of rais- 
ing a weight of 500 grammes thi'ough a space of one metre : 
tliia estimate w a little heyond that given by tlie converse ex- 
periments of Mr. Joule, already stated, in which &a heat 
prodoced by a given amount of mechanical action is estimat- 
ed. I am act aware that die amount of mechanical work 
which is produced by a given quantity of heat has beoa di- 
rectly established by experiment, thougli some approximative 
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results ill particular cases Lave been given. Theoretically it 
sliould be ifee same— that is to say, if a faU of 772 lbs. 
through a space of one foot will raise the temperature of 1 lb. 
of water tohrougli one degree of Fahretiheit, then the fall ia 
the temperature of 1 lb. of water tiiroiigh one degree of Fali- 
i-enheit should be able to raise 773 lbs. throogh a space of 
one foot. The calculations of M. Segnin are sot far from 
tills, hut since the eiabora1« experiments of M. Eegnanlt he 
Ime expressed some doubt of the correctness of hia former 
estimate, as by these es^ieriments it appears tbat, within cer- 
tain limits, for elevating the temperatare of compressed va- 
pour by one degree, no more ttau about three-tenths of a de- 
gree of total beat is required ; consequently, the eqiiivalent 
multiplied in this ratio would be 1,666 grammes, instead of 
500. Other investigators have given numbers more or less ■ 
discordant ; so that, wWiont giving any opinion on tbeir dif- 
ferent results, ihis question may be considered at present tar 
from settled. M. Eegnanlt himself does not give the law ty, 
which the ratio of heat varies with reference to the pressure, 
and is still believed to be engaged in researches on the sub- 
ject — one involving questions of which experiments on the 
mechanieal effettt of elastic flun^ si,em to offei the most pro- 
Msing means ot solution 

I have endeivoured to gi\« a proof (bv shoivmg the 
anomaly to whuh tlie contrary eonclasion would lead) that, 
whatever amount oi mecbaniLal power is pioduced by one 
mode of application if heat, the sami 'fhould, in theory, be 
equally produCLd by any oiher mode But m practice, the 
difference is imaieaKe , aud therefore it bet, mea a qoestion 
of great interest pi<ictically to ascertain what is the most 
conveiiieat medium on which to apply the heat employed, and 
the best machinery for ewinomisiDg it Ono great pioblera 
to be solved is the savsng of the heat which the steam m r- 
dinary engines, after havmg done its worfc, caiTies mto the 
condenser, or, m the hyh piessuie en^me, into the an It 
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is argued you have a large amount of ftiel conBumed to raise 
water to tli© boiling point, at which its eflldency as a motive 
agent eommenecs. After It h^ done a small portion of work, 
and while it afiU FCfiuns a very large poriioii of the heat ori- 
ginally comniiinieafed to it, yoK reject it, aad have to start 
again with a fresh portloia of steam which has similai-ly ex- 
hausted fuel — in other words, you throw away rfl, and more 
than all the heat which has heea employed in raising the 
watei' to the boiling point. Various plana have been devised 
to remedy this. Using again the warm water of the conden- 
ser to feed the boiler regains a part, bnt a very small part, of 
the heat. Employing the steam first for a high pressure, and 
Uien before its rejection or condensation using it for a low 
prMSore, cylinder, is a second mode ; a third is to use the 
steam, after it has done its work on tlie piston, as a pource of 
heat or second fiimace, to boil ether, oi iome liquid which 
evaporates at a lower temperature {has Wttter. Tliese plaos 
have certain advantage! ; but the complexity of apparatus, 
the danger from combustion of ether, and other reasons, 
have hitherto precluded their general adoption. Under tlie 
term regenerating engine various ingenious combin^tiona 
have lately been suggested, and some eaiperimental engincn 
tiied, with what success it ia perhaps too early at present to 
pronounce an opinion. The fundamental notion on which 
this class of engine is ba^od is that the vapour or air, when 
it has performed a certain amount of work, as by raising a 
piston, shoxdd, instead of being condensed or blown off, he 
retained and again heated to its original high temperatare, 
and then used de novo; or that it should impart its heat to 
some other Bubstance, and the latter in turn impart it to the 
fresh vapour about to act. The latter plan has been proposed 
by Mr. Eriessoa: he passes the air which has done its 
work througt layers of wire gauae, which are heated by the 
rejected air, and throngh which the nest diarge of air is 
made to pass. M. Seguin and Mr. Siemens have cooatruct- 
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ed machines upon the fonner pi-inciple, whicli are said to 
have given good experimental resiilts. There is, however, 
a theoretical difficulty in all these, not affecting their capabil- 
ity of acting, but affecting the question of economy, which it 
does not Beem easy to escape from. Whether tJie heated air 
or yapour be retained, or whether it yield its heat to a metal- 
lie or other Bobatimce, this heat must exercise its usual repul- 
sive force, aad this mxtst re-act either against the retnming 
piston or against the incoming vapour, and require a greater 
pressure in that to neutralise it. Vapoar rtaaing a piston and 
producing mechanical force effects this with decreasii^ power 
in propoiiion as the piston is moved. At a certain point the 
piflton ia arrested, or the strote, as it is termed, is completed, 
but there is still compressed vapour in the cylinder capable 
of doing work, but so Utile that it is, and must in practice 
be neglected ; if tJiis compressed vapour be retained, the pis- 
ton cannot be depressed without an extra force capable of 
over coming the resistance of this, so to speak, semi-compress- 
ed vapour, in addition to that which is requisite to produce the 
normal work of the machine ; and ia whatever way the resi- 
dual force be retained, it must either be antagonised at a lo^ 
of power for the initial force, or at most can only yield the 
more feeble power which it would have originally given if it 
had been allowed to act for a longer stroke on the piston. It 
may be that a portion of this residual force may be econo- 
mised ; indeed, this is done when the boiler ia charged with 
warm water from the condenser, instoad of with, cold water ; 
but some, indeed a notable loss, seems inevitable." 

Without ferther discussing the various inventions and the- 
ories oa this subject, which are daily receiving increased- de- 
velopment, it may be well to point out how far siature dis- 
tances art ia its present state. According to some careful es- 
tamates, the m.03t economical of our furnaces consume firom 
ten to twenty times as much fuel to produce the same quantity 
of heat as an animal produces ; and Matteucci foimd that, 
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from a given conBumption of zinc in a voltaic Ijattery, a far 
greater mechanicid effect could fee produced by making it act 
OH the limbs of a, recently-kiUed frogs notwithataitding the 
manifold defects of sucli an arrangement and its inferiority 
to the action of tlie living animal, than when tlie same bat- 
tery w^ made to produce mechanical powci^ by acting on an 
electro-magaetie or other artificial motor apparatus. The ratio 
in liis experiments was nearly six to one. Thiia in all our arti- 
fieial combinations we can bat apply natural forces, and with 
far inferior mecbaniam to that which ia perceptible in the 
economy of nature. 

Natare is made better by no mean ; 
Bnt iiatm'o makea that mean ; so o'er that art, 
Which you say adds to natare, is.nn art 
That nature mates. 

A BpeeulatioH has been thrown o.at by Mr. Thompson, 
that^ as a certain amount of heat results from mechanical ac- 
tios, chemical action, &c., and this heatisradiatedinto space, 
there must be a gradual diminution of temperature for the 
earth, by which expenditure , however slow, being coniinuoM, 
it would ultimately bo cooled to a degree incompatible with 
ihe existence of animal and vegetable life — in short, that the 
eai-th and the planets of our system are parting with more 
heat than they receive, and are therefore progressively cool- 
ing. Geological researches support to some extent this view, 
as they sliow that the climate of umny poiiions of tlie terres- 
trial surface was at remote periods hotter than at the present 
time : the animals whose fossilised remains arc found in an- 
cient strata have their organism adapted to what we should 
now term a hot climate. There arc, however, so many eir- 
comstances of difficulty attending eosnucal speculations, 
tliat but little reliance can be placed upon the most profound. 
We know not the original source of terrestrial heat ; still 
Jess that of the sohar heat ; we know not whether or cot sys- 
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terns of* planets may be so constituted as to eommuQxcato 
forces, inter se, so tiiat forces which have hitherto escaped 
detectioH may be in a continuous or recurring state of ixder 
change. 

The moYements produced by miitiial f^avitatiou may ba 
the means of calling into esisleace inolecuJUr forces ■withia 
the substances of the planets themselves. As neither &om 
observation, nor from dednclion, can we fix or conjecture any 
boufidary to the universe of stellar orbs, as each advaace in 
telescopic power gives xm a new shell, so to speak, of 
stars, we may regard our globe, in the limit, assurroundedby 
a sphere of matter radiating heat, light, and possibly other, 
forces. 

Such stolJar radiations would not, from the eyidence we 
have at present, appear sufScient to supply the lose of heat 
hy terrestrial radiations ; but it is q\ute conceivable that the 
whole solar system may pass tbroiigh portions of space hav- 
ing differeat temperatures, as waa su^;estQd, I believe, by 
Poif^on ; that as we have a terrestrial sumnier and winter, 
so there may be a solar or systematic summer and winter, in 
which case the licat lost daring the latter period might be re- 
stored during the former. The amount of the radiations of 
the celestial bodies may again, from changes in their positjons, 
vary throa^ epochs which are of enormoua duration as re- 
gards the existence of the human species. 

The views of Mr. Thompson differ fi-om those of Laplaee, 
recently enforced by M. Babinet, which suppose the planets 
to have been formed by a gradual condensation of nebulous 
matter. A modification of this vi«w might, perhaps, be sug- 
gested, viz. that worlds or systems, instead of being created 
as wholM at definite periods, are gradually changing by at- 
mospheric additions or subtractiona, or by accretions or dim- 
inutions arising from nebidoas substance or from meteoric 
bodies, so that no star or planet could at any time be said to 
bo created or destroyed, or to be in a state of absolute stabil- 
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jty, but tliat aoiue may be iucreasisg, others dwiadliug away, 
aad so throaghout tibe timverse, m the pa&t as in the futiire. 
When, however, qucationa rehxtmg to cosmogony, or to the 
beginning or end of worlds, are contemplated from a physi- 
cal point of view, the period of time over which our experi- 
ence, in its most unlarged sense, estpncb, is so indeflniioly 
minute ■wifi reference to that which must he inquired for any 
notable change, even in our own planet, that a variety of the- 
ories may bo framed eqnaJIy incapable of proof or of dis- 
proof. We have no means of ascertaining whether many 
changes, wliich endure in the same direction for a term be- 
yond the range of human esperience, are really continuous or 
only secular variations, which may he compenRatud for at 
periods far beyond om- ken, so tliat ia such cases the ques- 
tion of comparative stability or change can at best ho only 
anffwered as to a term which, though enormous with refcr- 
ferenee to our computetions, sinks into nothing with reference 
to cosmical time, if cosmieal time be not eternity. Subjects 
such as these, though of a kind on which ilie mind delights 
to speculate, appear, with reference to any hope of attaining 
reliable knowledge, far beyond the reach of any present ov 
immediately prospective capacity of man. 



...Coogic 



IV. ELECTRICITY. 

ELECTRICITY is that affection of matter or mode of 
foi ce whici most distinctly aad beautifully relates otber 
iifodes of foice, and exhihits, fo a gieat extent iu a quarifUar 
tiTC form, lis own relation with them, and their recipiocal 
lelationa with it and \nth eacJi othev. From the saanner 
m which tlie peculmr force called electricity is seetoingly 
transmitted thioagh certain bodies, such &s mciallie wires, 
the term eumnt is commonly used to denote its appai'ent 
piogresi It 18 very difficult to present to the miad any 
theory which will give a definite conception of its moim 
agendi: the early theories regard its phenomena as produced 
either by a single fluid idio-sepulaive, but attraolive of aU 
matter, or efee as produced by two fluids, eaeh idio-repulsive 
bat attractlTo of the other. No substantive theory has lieen 
proposed other than these two ; but although this is the case, 
I think I shall not be unsupported by many who have atten- 
tively studied electrical phenomena, in viewing them as re- 
salting, not from the action of a fluid or flnids, but as a mole- 
cular polarisation of ordinary matter, or as matter acting by 
attraction and repulsion in a defieife direction. Thus, the 
tranamiseion of the voltaic current in liquids is viewed by 
G-rotthus as a series of chemical affinities aeling in a definite 
direction ; for instance, in the electrolysis of water, i. c. its 
decomposition when placed between the poles or electrodes 
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of a voltaic battery, a molecule of oxygen is sujiposed to lis 
rliaplaced by the exalted attractioa of the neighboiirijig elec- 
trode ; the hydrogen liberated by this displaceiaent imites 
■with tlie oxygen of the contiguons molecule of water ; this in 
turn liberates its hydrogen, and so on ; the current being 
nothing else than this molecidar transmission of chemical 
afSnity. 

There is strong rea&on for belieTing that, ivith some ex- 
ceptions, "^uch as fused metals, liquids do not conduct eleo- 
tricitj without undergoing decomposition ; for even in those 
extreme cases where a trifling effect of conduction is appar- 
ently produced without the usual elimination of substiiuces at 
the electrodes, the latter whea detached from the circuit 
Bhow, by the counter-current which they are capable of pro- 
ducing when immersed in a fresh liquid, that their superficial 
state has been chaaged, doubtless by the determination to 
the surfacee of minute layers of substances having opposite 
chemical characters. The question whether or not a minute 
conduction in liquids can take place unaccompanied by chenn- 
cal action, has however been much agitated, and may he re- 
garded as int^ apices of the science. 

Assuming for the moment electrolysis to be the only 
inown electrical phenomenon, electricity would appear to con- 
sist in transmitted chemical action. AH the evidence we 
have is, that a certain afiection of matter or chemical change 
, takes place at certain distant points of spaccj the change at 
one point having a deflaite relation to the change at the 
other, and beiag capable of manifestation at any intermediato 
points. 

If, now, the electrical effect called induction be examined, 
the phenomena will be found equally opposed to the theory oS 
a fluid, and consistent with that of molecular poki-isation. 
Whea an electrified conductor is brought near another which 
is aot electrified, the latter becomes electrified by ioflueace or 
induction, as it is termed, the nearest parts of each of these 
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two bodies exhibiting states of electiicity of the contrary 
denominations. Until tide subject was investigated by Fara- 
day, the intervening non-conducting body or clielectric was 
supposed to be purely negative, asd the effect was attributed 
to the repulsion at a dietonee of the electrical fluid, Fara^ 
day showed that these effects differed greatly according to the 
dielectric that was interposed. Thus they were more exalted 
with sulphur than with shellac ; more with shellac than widi 
glaaSj &c. Matteucci, though differing from I'araday as to 
the explanation he gave, added some experiments which prove 
that the intervening dielectric is moleculariy polarised. Thus 
a number of fhin plates of mica are superposed like a pack 
of cards ; metallic plates are applied to the outer facing?, and 
one of them electrified, so that the apparatus is charged hie 
a Loyden phial. Upon separating the plates with insulating 
handles, each plate is separately electrified, one side of it 
being positive and tfee other negative, showing very neatly 
and decisively a polarisation throughout the inteivemng sab~ 
stances by the effect of indaotion. 

Indeed, chemical action or ©leetrolysis may, as 1 have 
shown, be traasraitted by induction aciMS a dielectric snl>-, 
stance, such sis glMS, but apparently only while the glass is 
being diarged with electric!^. A wire passing through and 
hermetically sealed into a glass tube, a short portion only pro- 
jeciiag, is made to dip into water contained in a Florence 
Sask ; the flask is immersed in water to an equal depth with 
that within it ; the wire and another similar wire dipping 
into the outer water are made to commuoieate metallically 
with the powerfal electrical machine known as Ehumkorf s 
cOil ; bubbles of gas instantly ascend from the exposed pota- 
tions of the wires, hut cease after a certain time, and are 
renewed when, after an interval of separation, the cod is 
again connected with the wires. 

The following interestii^ experiment by Mi'. Karsten 
goes a step farther in corroboration of the molecular changes 
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conseqaent upon electrisation : A coin is placed on a pack o( 
thin plates of glass, and then elecfmiied. On removing tlie 
coin and breathing on tlte glass plate, an impression of the 
coin is perceptihle ; this shows a certain molecular change on 
the surface of the glass opposed to the plate, or of the vapours 
condenBed on such surface. This effect might, aad has been 
interprelod as arising from a film of greasy deposit, supposed 
to exist on the piate ; the impressions, however, haye been 
proved to penetrate to certain deptlis below the surface, and 
not fo be removed by polishing. 

The following esperiiaent, however, goes fai-tter; On 
separating careftdly the glass plates, images of the coin can 
be developed on each of the surfaces, showing that the mole- 
calar change has been transmitted through the substance of 
the glass ; and wo may thence reasonably sappose tliat a 
piece of glass, or other dielectric body, if it could be split up 
whilc*cmder the influence of electric induction, would exhibit 
some molecular change at each side of each lamina, liowoTer 
minutely subdivided. I have eucoeeded in farther extending 
this experiment, and in permanently fixing the images thus 
produced by electriciiy. Between two carefully-cleaned glass 
plates is placed a word or device cut out of paper or tinfoil ; 
sheets of tinfoil a little smaller than Uie glass plates are 
placed on the outfiidc of each plate, and these coatings are 
brought imo contact with the terminals of Ehumkorf s coil. 
After electrisation for a fisw seconds, the glassy are sepa- 
rated, and their interior Bnrfaces exposed to the vapour of* 
hydrofluoric acid, which acts chemically on glass ; the por 
tions of the glass not protected by tlie paper device are cor- 
roded, while those so protected are untoached or less 
a^ctcd by the acid, so that a perm^ient etching is tbus 
produced, which nothing but dMategration of the glass will 
efface. 

Some further experiments of mine on this subject bring 
out in a still more stritiog manner these curious molecular 
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changes. One of tlie p]at«s of glass tavit.g been electrified 
in the manner just mentioned, is coated, on the side impressed 
witli the invisible electrical image, with a film of iodised 
collodion in the manner usually adopted for photographic 
purposes ; it is thea in a dark room immeraed in a solution 
of nitrate of silver ; tlion exposed to diffliae light for a few 
seconds. On pouring ov«r the collodion the usual aolutioa 
of pyrogallic a^id, the invisible electrical image is bi-oagiit 
out as a dark device on a light ground, and can be permanently 
fixed by hyposulphite of soda. The point worthy of obsei- 
vation is this esperimeSt is, that this permanent image exists 
in the collodios film, wbioh can be stripped off the glass, dried, 
afld placed on any other surface, so that the molecular change 
consequent on electrisation has communicated, by contact or 
close proximily, a change to the Jilia of collodion corres- 
ponding in form "with that on. the glass, but being undoubtedly 
of a chemical natore. Electricity has, moreoTCP, in this ex- 
periment eo modified tiie surface of glass, that it can, in il^ 
tujTi, modify the sti^eture of another substance so as to alter 
the i-elatioQ of the latter to light. It would reqiiire a curious 
complication of hypothetic fiaids to explain this ; but if oloe- 
tricily and-light be supposed' to be afieetions of ordisary pon- 
derable matter, the difficulty is only one of detail. 

If, again, we exaimne the electricity of the atmosphea^, 
when, as is uewally the case, it is positive with respect to that 
of the earth, we find that each successive stratum is positive 
to those below it and negative to those above it ; and the con- 
verse is the case wiien the electricity of the atmosphere is 
negative with respect to that of the earth. 

If another electrical phenomenon be selected, aaother sort 
of change wiU be found to have takea place. The electric 
spark, the brash, and similar phenomena, the old theories 
regarded as actual emanations of the matter or fluid, Eleo 
tricity ; I venture to regard them as produced, by an emission 
of the niaterial itself from whence they issue, and a molecular 
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action of the gas, or intermedium, through or aeroaa which 
tliey are transmitted. 

The colour of the electric spark, or of the voltaic ai'c (i. 
e. the flame wHch plays between the terminal points of a 
powerful voltaic battetj), is dependent upon the suhstance of 
the nietal, subject to certain roodiflcationa of the intermedium : 
thita, the electrio spark or arc from zinc is blue j from Bilver, 
green ; from iron, red and scintillating ; precisely the colom-a 
afforded by these metals in their ordinary combtiatioa. A 
portion of tlie metal is alao fouad to be actually traasmitted 
with every electric or voltaic discharge : in the latter capp, 
indeed, whei-o the quantity of matter acted upon ia greater 
than in the former, the metdlic partidea emitted by the eiec- 
ti-odes or terminals can be readily collected, tested, or even 
weighed. It would thus appear that the electrical discharge 
ftrises, at least in part, from as actual repulsion end sever- 
ance of the electrified matter iteeF, which flies off atihepointa 
of least resistance. 

A carefiil examination of the phenomena attending llie 
electric spark or the voltaic alv:, which latter is the elecfric 
disruptive discharge acting on greater portions of mattei-, 
tends to modify considerably oui* previous idea of the nature 
of the electiic force as a producer of ignition and combustion. 
The voltaic arc is perhaps, strictly speaking, neither ignition 
nor combustion. It ia not simply ignition ; because the mat- 
ter of the terminals is not merely brought to a state of incan- 
descence, hut is physically separated and partially transferred 
from one electrode to another, much of it being dissipated in 
a vaporous state. It is not combustion ; for the phenomena 
will take place independently of atmospheric air, oxygen gas, 
or any of the bodies usually called supporters of combustion, 
combustion being in fact chemical union attended with heat 
and light. In the voltaic arc we may have no chemical union ; 
for if the experiment be performed in an exhausted receiver, or 
in nitrogen, the sabstance forming the electrodes is condensed, 
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and precipitated upon tfie interior of the vessel in, eliemicallj 
apeaiang, an onaltered Btafe, Thus, to take a very strikiog 
example, if the voUaic discharge te taken hetween ziuc ter- 
minala ia an exliausted receiver, a fine hlack powder of zinc 
is deposited on the sid^ of ttie receiver ; this can he collect- 
ed, and takes fire readily in the air by being touched wiifh a 
match, or ignited wire, instantly burning into white oxide of 
zinc. To an ordinary observer, the zinc would appear to bo 
burned twice — first in the receiver, where the phenomenon 
presentaitll ihe appearance of combustion, and secondly in 
the real combustion in air. With iron the experiment ia 
equally instructive. Iron ia volatilised by the voltaie arc in 
nitrogen or in an exhausted receiver ; and when a scarcely 
perceptible Sba has lined the receiver, this is washed with an 
add, which then gives, with ferrocyanide of potassium, theprus- 
dan-blue precipitate. In this case we readUy disiil iron, a 
, metal by ordinary means y«*i6fe only at a very high tempera- 

Another strong evidence that the voltaic discharge eoa- 
sats of the material iieelf of which the terminals are compos- 
ed, is the peculiar rotation which ia observed in the light 
when iron is employed, the magnetic character of tliis metal 
causing its molecules to rotate by the influence of the voltaic 
eurrent. 

H we increase the number of reduplications in a voltaic 
aeries, we increase the length of the arc, and also increase its 
intensity or power of overcoming resfetance. With a battery 
consisting of a limited number, say 100 reduplications, the 
discharge will not pass from one terminal to the other with- 
out first bringing them into contact, but if wo increase the 
number of cells to 400 or 500, the discharge will pass firom 
one terminal to the other before they are brought into contact. 
The difference between what is called Franklinie electridty, or 
that produced by an ordinary electrical machine, and voltaicelec- 
tricity, or ihat produced by the ordinary voltaic battery,iH that 
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the former is of miicli greater intensity than the latter, or has a 
greater power of overcoming resistance, but acts wpon a ranch 
emaller quantity of matter. If, then, a voltale battery be 
foi-med with a view to increase the intensity imd lessea the 
quantity, the character of the electrical pliooooieiia approii- 
mafe tiiose of the electrical nmehine. la order to effect this, 
the sizes of the plates of the battery and thenee the quantity 
of matter acted on in each cell, must be reduced; bat the 
number of reduplications increased. Thnsif inabatfeiyof 100 
pairs of plates each plate bo divided, and the battery be arranged 
BO as to form 200 pairs, each being half the origiiwil size, the 
quantitative efFeeta are diminished, and the effei-tS of intoB'fi- 
ty increased. By carrying on this Bub-diviBioii, diminishing 
the sizes and increasing the number, as is the case in the vol- 
t^c piles of Deluc and Zamboni, effects are ultimately pro- 
duced similar to those of Frankllnie electricity, and wo thns 
gradually pass from the voltaic arc to the ipark or electric 
dfacharge. 

This diacharge, m I have already stated, has a colour do- 
pending in part apoa the nature of the termiaals employed. 
If these terminals be highly polished, a spot wiU be observed, 
even in the ease of a, small electric spark, at the points from 
which the discharge emanates. The matter of the terminalfi 
is itself affected; aad a traoami^on of this matter across 
the intervening space is defected by the deposition of minute 
quantities of tiie metal or aobstancc composing the one, upon the 
other terminal. 

If the gas or elastic medium between the teiininals be 
chained, a change takes place in the length or colour of the 
dischai'ge, showing an affection of the intervening matter. 
If the gas be rarefied, the discharge gradually changes with 
flie degree of rarefaction, from « spark to a luminous glow or 
diffuse light, diffcriag ia colour in different gases, and capable 
of extending to a much greater distance than when it takes 
place in air of the ordinary density. Thi^, in highly attenu- 
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ated air a diBcharge may bo made to pass auross six or seven 
feet of space, wtile in air of the ordinary density it %Foiild 
not pass across an inch. An observer regarding tbe beauti- 
fal phenomena exhibited by Uiis electric discliarge in attenua- 
tod gas, which, from some degree of similarity in appeai'- 
ance to the Ain-ora Bo^^alis, has been raiHed tlic electric An- 
rora, would liave some difScnlty in believing such effects 
could l>e due to an action of ordinary matter. The amount 
of gas present m extremely small ; and the terminals, to a 
cursory examination, show no cliauge after long experiment- 
ing. It ia tiierefore not to be wondered at that the first ob- 
servers of this and similar phenonjena, regarded electricity 
m in itself soraeihing — as a specific existence or fluid. Even 
ia this extrcmeoase,however,nponamore careful examination 
we shall find that a change does taieploee, botliae regards the gaa 
and AS regards Uie terminals. Let one of these consist of a high- 
ly-polished metal — a silver platefeoneof the best materials for 
the purpose — and let the discharges in attenuated atmospheric 
air take place from a point, say a common sewing needle, to the 
surface of the polished silver plate ; it will be fottnd that this 
is gradually changed in appearance opposite the point — it is ox- 
idated, and gradually more and more corroded as the discharge 
is continued. 

If now the gas be changed, and higMy-rarefied hydrogen 
be substituted for the rarefied air, all other things remaining 
the game, upon passing the discharges as before the osade 
■wiU be deared off the plate, and the polish to a great extent 
restored — not entirely, because the silver has been disinte- 
grated by the oxidation — and the pprtion which has been af- 
fected by the diselmrgo will present a somewhat difiorent ap- 
pearance from the remainder of the plate, 

A qnestion will, probably hei'e occur to the reader; — ^U'hat 
will be the effect if there be not an oxidating medium pres- 
eni, and the experiment be first performed in a rarefied gas, 
which possesses no power of chemicaUy acting on the plate? 
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In tliia case tliere vi'ili stiil fee a moiecular cliaugc oi disiute- 
gratjon of the plate ; the porfion of it acted oa l>y the dis- 
charge will present a different appearaace from tliat which is 
beyond its reach, and a ■whitiah film, somewhat similar to 
Qiat seen on the mercurialised portiona of a dagnerreotype, 
will gradually appear on the portion of the plate affected by 
the discharge. If the gas be a compound, aa carbonic oxide, 
or a misture, bs oxygen and hydrogen, and consequently contata 
elements capable of producing oxidation and reduction, thea 
the effect upon the plate wiU depend upon whether it bo pos- 
itive or negative ; in the former case it wiQ be oxidated, in 
the latter the oxide, if e^stii^, will be reduced. This effect 
mil also take place in atmospheric air, if it ho highly i-are- 
fied, and can hardly be explained otherwise tiian by a mole- 
cular polarisation of the compound gas. If, again, tiie metol 
be reduced to a small point, and be of such material that the 
gas cannot act chemically upon it, it. can yet be showa b) be 
disintegrated by the electric spark. Thus, let a fine plati- 
num wire be hermetically sealed in a glass tube, aad the ex- 
tremityof the tube and the wire gi-ound toaflatsnrfac6,soasto 
expose a section only of the wire ; after takingthe disidiarge 
from this for some time, it will be found that the platinum 
wire is worn away, and that its termination is sensibly below 
the level of the glass. If the discharges from such a plati- 
num wire be talcen in gas contained in a nai-row tube, a cloud 
or iilm consisting of a deposit of platinum will bo seen oa 
the part of the tube surrounding the point. 

Another carious effect which, in addition to the above, I 
have detected in the electrical discliai-ge in attemiated media, 
is that when passing betweea terminals of a certain form, aa 
from a wire placed at right angles to a polished plate, the db- 
chaS-geposseaseseertainphases or fits of an alternate character, 
so that, instead of impressing an uniform mark on a polished 
plate, a series of concentric ringa is formed. 

Priesliey observed that, after the ^charge of a Leyden 
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battery, nng^ consisting of fu&cd globules of niulal were 
formed on the terminal platei ; in my experiments made in 
attemiated media, alternate rings of oxidation and deoxida- 
tioa are formed. Thus, if the plate be polished, colonred 
rings of oxide will altematB -with ringe of polished or tmoxi- 
datod surface ; and if the plate be previoi^y coated ■^vith an 
imiform film of oxide, the oxide will be removed in concen- 
tric spaces, and increased ia the dtemate odc!, showing a 
lateral alternation of positive and negative electricity, or 
electricity of opposite character in the same discharge. 

It wonld be hasty to assert that in no case can the electri- 
cal disruptive discharge take place ■without tiie terminals be- 
ing atfeeted. I have, however, seen no instance of such are- 
salt where the discharge haa been sufficiently prolonged, and 
the terminals in such a state as could be expected to render 
manifest slight changes. 

The next question which wonld occur in following out the 
enquiry which has been indicated, would probably be, What 
is the action upon t!ie gas itself? is this changed ia any man- 
oer? 

In aimwer to this, it must be admitted that, in die present 
state of experimental knowledge on this subject, certain 
gases only appear to leave permanent traces of their having 
been changed by the discharge, while others, if affected by 
it, which, as wiU. be presently seen, there aie reasons to be- 
lieve tbey are, return to their aormd state immediately aflor 
the discharge. 

In the former class we may place many compound gasos, 
as ammonia, olefiant gas, protoxide of nitrogen, deutoxidc 
of nitrogen, and others, whieli ni'e dceomposed by t!ie action 
of the discharge. Mixed gases arc also ehemicsUly combined : 
for instance, oxygen and hydrogen unite and form ivator ; 
common aii- ^ves nitric acid ; chlorine and aqucou= vapour 
give oxygen, the chlorine unitii^ witli the hydrogen of the 



...Coogic 



'94 COEEKLiTIOH OF PHTeiOAL K)SOEfl. 

But, further tliati this, in the case of certain elemeaiaiy 
gases a permanent change is cficctcd by the electrical d^ 
charge. Thus, oxygen aubmittod to the diaciiargo is par- 
tially changed into the substance ao'w considered to be an al~ 
lotropic condition of oxygen ; and there is reason to belleyc 
that when the change takes plac*, there is a definite polar 
condition of the gas, and that dofinit« portioas of it fwe affected 
— that in a certain sense one portion of the oxygen bears 
tempoi-arily to tlio other the relation which hydrogen ordina- 
rily does to oxygen. 

If the discharge be p^sed througb the vapour of phos- 
phorus in the vacttniR of a good Mr-pnmp, a deposit of allotro- 
pic phosphorus soon eoats tlie interior of the receiver, show- 
ing an analogous change to ihat produced in oxygen ; and in 
tha case a series of trMisversc bands or stratiflcations appears 
in the discharge, showmg a roost striking, alteration in ita 
physical character, dependent on the medium across which it is 
transmitted. Thes^ effects were first obaoryed by me in 
tlie year 1852. They have since been much examined by 
continental phUosophera, and much extended by Mr. &assiot ; 
bat no satis&ctoiy ralionale of them, has yet been given. 

There are many gaaea wMcli either do not show any per- 
manent change, or (which is more probably the case) tiie 
changes produced in them by the electrical discharge have 
not yet been detected. Even with these gasea, however, the 
difference of colour, of length, or of the different position of 
a certain dark space or spaces which appear in the discharge, 
show that the discharge differs for different media. Wo nev- 
er find that the disctarge has itseff added to or snbtracted 
from the total weight of the substances acted on : wo find no • 
evidence of a fluid but the vfeible phenomena themselves ; 
and those we may account for by the change ivhich tates 
place in the matter affected. 

I have here, as elsewhere, used worife of common accep- 
latiou, such Eis * matter affected by the diacharge,' &e., though 
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upon the view 1 ^)ll oUj, estiiit t!j.<_ Si chsx^i^ is tU If ttia 
affection of matter and tto writing thesp passagea affords, 
to me at least, * atiikinj instance of how much ideas are 
bound up in woidi when, to express a Tiew difFeriBg from 
the received one, worda involving the rect,i'\ed onp aiP neces- 
sarily used. 

Passing now to die efleot of the tranfmi sion of electri 
city by the cla^ ot the beat conductmg bodies, Bucb as the 
met^ and carbon, here, though we cannot at preseut give the 
exact character of the motion impressed upon the psnticlosj 
there are yet many esperiments which show that a change 
taltes place in such aubalaii' es when they are aifected by elec- 
tricity. 

Let discharges from a Leyden jar or battery be passed 
through a platinum wire, too tliiek to be fused by the dis- 
chai^es, and free from constraint, it will be found that the 
wire is shortened ; it has undergone a molecular change, and 
apparently been acted 02 by a force tranverae to its length. 
If the discharges he continued, it gradually gathers up in 
small irregular bends or convolutions. 80 wifli voltaic elec- 
tricily : place a platinum wire in a trough of porcelain, so 
that when fiised it shall retain ita petition as a ■wire, and then 
ignite it by a voltaic battery. As it reaijhes the point of le- 
sion it will snap asunder, ahowiag a contraction in length, and 
consequeBtly a distension or increo«e in its transverse dimen- 
sions. Perform the same experiment with a lead ^Ire, 
which cua he more readily kept in a state of fiaion, and fol- 
low it, us it contracts, hy the terminal wires of the battery ; 
it win he seen to gather up in nodules, which press on eadi 
otlicr like a string of beads of a «)ft material which havo 
been longitudinally eompressetl. 

As we increase the thickness of the wires in these exper- 
iments with reference to the electrical force employed, we les- 
son the perceptible effect : but even in this case we shall be 
enabled safely to infer that some molecular change accompa- 
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nies tho trauBmiasion of eleetricitj' : the "wires arehealedia a 
degree SeoreasiEg as their thictaess increases — bnt by in- 
ereasing tJie delicacy of oor tests as ike heating effecfa de- 
crease in intensity, we may indeflaitely detect tlio augmenta- 
tion of temperature accompanying the passage of electri- 
city — and wherever there ia augmeatatioii of temperature 
there must be expansion or change of position of the mole- 
Again, it has hesH obseiTed that wires which have for a 
long time transniittcd electricity, such as those which have 
served as conductors for atmospheric electricity, have their 
texture changed,- and are rsadered brittle. In this observa- 
tibn, however, though mside by a skillfal electrician, M. Pel- 
tier, the effects of exposure to the atmosphere, to changes of 
temperature, &c., have not beea auificiently eliminated to 
render it worthy of entire confidonce. There are, however, 
other esperimonta which show that the elasticity of metals ia 
changed by the passage through them of the electric current. 
Thus M. Wertlieim has, from an elaborate series of es- 
periments, arrived at the eoncluijon thdt there is a temporary 
dhainution in the coefficient of elasticity in wires while they 
are transmitting the electric current, which is independent of 
the heating effect of the current. 

M. Dofoiir has made a considerable number of experi- 
ment with tho view of ascertaining if any permanent change 
in inetals is effected by electrisation. He arrives at the cu- 
rioQs result that is a copper wire through -which a feeble vol- 
taic current has passed for several days, a notable dinainotion 
in tenacity fekea place ; while, ia an ii'oo wire, the tenacity 
is increased ; and that these effects wore more perceptible 
when the wires had been electrised for a long time (nineteen 
days) than for a short time (four days). The copper wae 
was, in his experiment, not perfectly pure ; so tliat the effect, 
or a portion of it, might be due to the s^afa of alloy ! in the 
ease of iron, the magnetic character of the matal would prob- 
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aWy modify the effect= and XQiniit account f tlie jjo^ito 
character of the r Bulta with theie two metal'* 

Matteucci ha^ made e^eriments on the conduction of 
electricity by hifimuth m Inactions larallel ortraisvere to 
the planes of prmcij \1 oleaya^e and ho tind^> that bismuth 
conducts electrioty aal heat better m the ducctioa of the 
cleavage planee than m tbat tians\ei3o to thorn 

Many other experiments have been made both on tl a i r 
duction of ttemio electric cunentB by two portions of the 
same csystalSiTie metal but with the jlane o£ ciystallization 
arranged in diffeient direction-i relatively to each other, and 
also on the difierenres in conductitn of beat an! electricity 
according to the direction m \< hick they are tran«mitfed with 
reference to the planes oi crystallization 

It ia found, moreover timt Ih'- shj,htest difference m ho 
mogeneity in the same metal enables it when heated to pro- 
duce a thermo-electric current, and that metals in a staft* of 
fbsion, in which state they may be presumed to be hoiBoge- 
neous throughout, give no thermo-electric current : thus, hot 
in contact yiiih eold mercury has been shown by Mt^teacci 
to give no thermo-electric current, and the same ia the case 
■ndth portions of fused biamutli unequally heated. 

The fact that Uie molecular structure or arrangement of a 
body influences — ^indeed I may say determines — its conduct- 
ing power, ia by no means explained by the theory of a Said ; 
but if electricity be only a traiismission of force or motion, 
the influence of the molecular state ia just what would bo 
expected. Carbon, in a transparent cryEtalline atate, as dia- 
mond, is as perfect a non-conductor os we Imbw ; while in an 
opaque amorphous atate, as graphite or ebarcoal, it ia one of 
the beat conductors : thus, in the one staio, it transmits light 
and atopa eleciaicity, in the other it transmits electricity and 
stops light. 

It is a circumstance worthy of remark, tliat the arrange- 
ment of molecules, which renderji a solid body capable of 
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trausmittiiig ligbt, is most unfaYourable to its transmiBaion of 
electrici^, transparent aolida being very imperfect eonduetora 
of electricity ; so all gases readily transmit light, but are 
amongst the ■worst conductors of electricity, if, indeed, prop- 
erly speaking, they can be said to conduct at aH. 

The conduction of electricity by different classes of bodies 
has been generally regarded as a question of degree : thna 
metals 'were viewed as perfect conductors, charcoal less so, 
water and other liquids as imperfect conductors, &c. But, 
in fact, though between one metal and another the mode of 
transmission may be the same and the difference one of de- 
gree, a different molecular effect obtains, when we contrast 
metals with electrolytic liquids and these with gases. 

Attenuated gases may be, in one sense, regarded as non- 
conductors, in another, as conductors ; thus if gold-leaves be 
made to diverge, by electrical repulsion, in air at ordinary 
pressure, they in a short time collapse ; while in highly-rare- 
fled air, or what is commonly termed a vacuum, tbey remain 
divergent for days ; and yet eLcfricity of a certain degree of 
tension passes readily across attenuated air, and willi difB- 
ctdty across air of ordinary density. 

Again, where the electrical terminals are brought to a 
state of visible ignition, there ore symptoms of the transmis- 
sion of electricity of low tension across gases ; but no such 
effects have been, detected at lower temperatures. All this 
presents a strong argument in favotir of the transmission of 
electricity across gases being effected by tbe disruptive dis- 
charge, and not by a conduction similar to that which takes 
place with metals or with electrolytes. 

The ordinary attractions and repulsions of electrified 
bodies present no more difBculty when regarded as being pro- 
duced by a change in the state or relations of the matter af- 
fected, than do the attractions of the earth by the sun, or of 
a leaden ball by the earth ; the hypothesis of a fluid is not 
considered necessary for tlje latter, and need not be so for the 
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former cksa of phenomena. How &a pheaomena are pro- 
duced to "which, the term attraction is applied is still a myB- 
tery, Ne^on, speaking of it, saySj 'What I call attracUon 
may be performed by impulse, or by some oilier meaas im- 
known to me. I use 1i)aa,t ivord here to signify only in gen- 
eral any force hj which bodies fend towards one another, 
whatsoever be tlie cause.' If we suppose a fluid to act ia at- 
tractioaa and repulsions, the impoaderable fluid must drag or 
pntih tha matter with it ; thus when we feel a stream of 
air niahing from an electrified metaOie point, each jaoleenle 
of air contiguous to the point bcii^ repeUed, another takes 
its place, which is in its turn repelled ; — ^how does a hypo- 
thetic fluid assist us here ? K we say the electrical fluid i-e- 
pels itself, or t!»e same electricity repels itself, we must go 
farther and assert, that it not only repels iteelf, but etther 
comnmnieates its repulsive force to the particles of the air, or 
carries with it the particle of air in its passage. la it cot 
more easy to assume that the parficie of air is in such a state 
that the ordinary forces which keep it in equilibriom arc dis- 
turbed iiy the electrical force, or force in a deflaite direction 
communicated t« it, and tiiat tims each particle m tarn re- 
cedes from, the point? , As this latter force is increased, not 
only does the parlicle of air which was contiguous to ^le me- 
tallic point recede, but the cohesion of the extreme pariicles 
of metal may be oyereoine to such an extent that these are 
detached, and tha brush or spark may consist wholly or in 
part of minute particles of the metal itself thrown off. Of 
this there is some evidence, though the point can har-Uy bo 
considered as preyed. A similar effect undoubtedly takes 
place with voltaic electricity, acting npon a terminal im- 
mersed in a liquid ; tlius if metaliic terminals of a powerful 
voltaic baUery be immersed in water, metal, or the oxide of 
aaetal, ifc forcibly detached, producing great heat at the point 
of disruption. 

If we apply ouraolvea to the effect of electricity in the 
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animal economy, we find that the first ratioaale given of th.e 
convulsive elfect produced by trajaraiasion tlnwugh tho living 
or recently killed animal was, that electricity itself, something 
subataative, passed rapidly through the body, and gave rise 
to the contraciiona ; step by step we arc now arriving at the 
conviction that conaecutive particles of the nerves and mus- 
cles are affected. Thus the eontraotions whicli the prepai-ed 
leg of a frog imdergoes at the moment it is snbmitted to a 
voltaic current, cease after a time if Uie ouii'ent be contin- 
ued, and are renewed oa breaking the eirciuit, i. c. at the mo- 
ment when the current ceases to travei^e it. The excitabil- 
ity of a nerve, moreover, or its power of producing mnscnlar 
contraction, ia weakened or deatroyed by the transmission of 
electricity in one direction, while the excitability is increased 
by tiie tranamisaion of electmcily in the opposite direction ; 
showing that the fibre or matter itself of the nerve is changed 
by electrisation, and changed in a manner bearing a direct 
relation to the other eflfecfe produced by electricity. 

Portions of muscle and of nerve present different electri- 
eal statea with reference to other portions of the same muscle 
or nerve ; thus the external part of a lauacle bears (he same 
relation to the internal pai-t as platinum does to zinc in the 
voltaic battery ; and delicate galvanoscopea will show electri- 
cal effects when interpoaed in a conducting circuit connecting 
the surface of a nerve with its interior portions. Malteucei 
has proved that a species of volta-ic pile may be formed by a 
series of slices of mnacle, so arranged tlrnt Ihe external part 
of one slice may touch the internal part of the nest, and 

Lastly, ihe magnetic effects produced by electricity also 
show a change in ihe molecular state of the magnetic sub- 
stance affected ; as we shall see when the subject of magnet- 



I have taken in succession aU the known classes of eleo- 
ti'ieal phenomena ; and, as fer as I am aware, there is not an 
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elecfrical efibct, where, if a close inTesiigatioii be institoted, 
imd the nmteriais cbosea in a state for exhibitiDg nanute 
changee, evidence of molecular change will not he detected ; 
thiK, excepting those cases where infimtesimally smaJl qiiaii- 
tities of matter are acted on, and our meaaa of detection feil, 
electrical effects are known to 'us only as changes of ordinary 
matter. It seems to me as easy to ima^ne these changes to 
be cfiacted hj a force acting in dsfinit© directioi^, as by a 
fiaid which has no independent or sensible existence, and 
wMeh, it must be asaumed, is asaodated with, or exerts a 
force acting upon ordinary matter, or matter of a different 
order from the supposed fluidi As the idea of the hypothetic 
Said is pursued, it gradually vanishes, and resolves itself into 
the idea of force. The hypothesis of matter without weight 
pr^enta in itself, as I believe, fatal objections to the theories 
of electrical flvMs, wMch are entirely removed by viewing 
electricity as force, and not as matter. 

If it be said that the effects we have been considering 
may still be produced by a fluid, asd that this fluid acts upon . 
.oediaary matter in certain cases, polarbing the matter af- 
fected or arran^ng i!a pailicleB in a definite direction, whilst 
in others, by its attractive or repalsivo force, it carries with 
it portions of matter ; yet, if iiie fluid in itself be incapable 
of recognition by any test, if it be only evidenced by the 
changes which it operates in ponderable matter, the words 
fluid and force become identical in meaning ; we may as well 
say that the atti-action of gravitation or weight is occasioned 
by a fluid, as that electrical changes are so. 

When, as is constantly done in common parlance, a house 
is said to be sirwcit, windows irohen, metals fused or dissipa- 
ted by tlio electi-ical/uw^, are not the expressions used such 
as, if not sanctioned by habit, would seem absard? In all 
the cases of irgary done by lightning there is no fluid per- 
ceptible ; the so-called sniphuroua odour k either ozone de- 
veloped by the action of electricity on atmospheric air, or the 
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vapour of some substance disaipated bj the discharge ; on the 
other hand, it Bceras more conaonaiit with experience to re- 
gard these effects as produced by force, aa we have aaalogons 
eifects produced by admitted forces, ia cases "wbere no one 
would invoice the aid of a hypothetic fluid for explanation. 
For iostance, gkssea may be broken by electrical discharj^s ; 
so may they by sonorous vibrations. Metals electrified or 
magnetised wiil emit a sound ; so tliey will if strack, or if a 
musical note with which they can -rihrate in unisoa be sounded 
near to tliem. 

Even chemical decomposition, in cases of feeble aflinity, 
may be produced by purely mechanical eifects, A ninuber of 
instances of this have been collected by M. Becqaere! ; and 
substance whose constituents are held together by feeble af- 
finities, such as iodide of nitrogen and similar compounds, are 
decomposed by tbe vibration occasioned by sound. 

If, instead of bouig regarded as a fluid or imponderable 
matter gui generis, electricity bo regarded as the motion of an 
ether, equal difficulties are encountered. Assuming other to 
pervade the pores of all bodies, is the ether a conductor or 
non-condueioi ? If the latter — that is, if the ether he iseapar- 
ble of transmitting the electrical -wave — ^tho ethereal bypothe- 
b^i of elcetiicity necessarily faOs ; but if the motion of the 
efhci conafitate what we call conduction of eleetricity, ihen 
the more poroub bodies, or tlioaa most permeable by the 
ethei , shou'd bo the best conductors. But this is not the case. 
If, again, the metal and the air surrounding -it ai-e both pei-- 
vaded by ether, why should the electrical wave affect tbo 
etbor in tbe metal, and not stjr'tliat in the gas? To support 
an ethereal hypothesis of electricity, many additional and 
hardly reconcilable hypotheses mnat be imported. 

The iractnre and eoraminntion of a non-conductltig body, 
tho fusion or dispersion of a metallic wire by the electrical 
disdiarge, are effects equally difficult to conceive upon the 
hypothesis of an ethereal vibration, as upon that of a fluid, 
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but are ccceasaiy results of the sudden Bubversion of mole- 
cular polarisalioa, or o£ a sudden or irregular vibratory move- 
ment of the matter itself. Wo see similar effects produced 
by sonorous vibrations, wbioh migiit be CBlled conduction 

and non-conducfiou of sound. One body ti'ausmits sound ea- 
sily, another stops or deadens it, as it is termed — ^i. e. dis- 
perses the vibrations, instead of continuing them in the same 
directioB as llie primary irapulso ; and solid bodies uiay, as 
has been above observed, be shivered by sadden impulscB of 
sound in those cases "where all the parts of the body caimot 
unifonnly carry on fho undulatoiy motion. 

The progressive stages in fiie History of Physical Pliiloao- 
phy will aeoount in a great measure for the adoption by the 
early electricians of the theories of flfiids. 

■ The aueieafs, when they witnessed a natural phenomenon, 
removed &om ordinary analogies, and unexplained by any 
mechanical action known to them, referred it to a soul, a 
spiiitual or preferaaturQl power : thus oniber and the magnet 
were supposed by Thales to have a, soul; the functions of 
digestion, aEsimilatioH, &c., were supposed by Paracelsus to 
be effected by a^pirit (the Archaiua). Air and gassa were 
also at iii^t deemed apiritiial, but subsequently became invest- 
ed with a more material character ; and the word gas, from 
goM, a ghost or spirit, affords ub an instance of tlic gradual 
tranamimion of a spiritual into a physical conception. 

The establishment by Torricelli of the ponderable charac- 
ter of air and gas, showed that substances which had been 
deemed spiritual and essentially different irom ponderable 
matter were possessed of its attributes, A leas euporatltious 
mode of reasoning ensued, and now aeriform fluids wei-e 
ehown to be aaalogous in many of their actions to liquids or 
known fluids. A belief in the existence of other fluids, difiep- 
ing from air as this differed from water, grow up, and when 
a new phenomenon presented itself, recourse was had to a 
hypotiietic Suid for explaining the phenomenon aud conneet- 
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ing it -widi others ; the mind oaee possessed of the idea of a 
fluid, 80OI! iavestfld it with the neceesary powers and propejv 
tiea, and grafted upon it a luxnriotia vegetation of imaginaiy 
offshoots. 

In what I am here throwing, ont, I iviali to guard myself 
from Tjeing supposed to state that the theory, historically 
viewed, followed esacdy the dates of the discoveries wMch 
were effectual in changing its charaetor ; soEQetimes a dis- 
covery precedes, at other times it succeeds to it change in the 
general coorso of thought; aoiitetimeB, and perhaps most 
freqiMatly, it does both — ^i. e, the discovery 13 tiie result of a 
tendency of the age and of the continually improved motlioSs 
of otsorvation, and when made, it strengthens and extends the 
views which have Jed to it. I think the phases of tliought 
which physical philosophers have gone tlirough, will ha found 
generally such as I have indiojited, and that the gradual ac- 
cumiilation of dKCOveriea which has taken place during the 
more recent periods, by showing what effects can be produced 
by dynamical causes alone, is rapidly tending to a general 
dynaipical theory into which that of the imponderable fluids 
promises nltimately to merge. 

Commencing with electricity as an initiating force, we 
get moiim directly pFodneod by it in yai-ious forms ; for in- 

fli tra^ an uls' f di 'd ced h 

m ctr m h th wher 
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deat to an audience at the Koyal Institution, will form a 
oaefiil illustration : — A. Leyden jar, of one square foot coated 
Burfftce, has its interior connected "with a Cathbortson'a elec- 
trometer, between which and the onter coating of the jai 
are a pair of discharging balls fixed at a certain distance 
(about half an inch apart;). Between the Leyden jar and 
?iie prime conductor is inserted a small unit jar of nine inches 
aurfece, the knobs of which are 0'2 inch apart. 

The balance of the electrometer ia now fixed bf a stiff 
wire inserted between the attracting knobs, and the lieyden 
jar charged by discharges fix)m the unit jar. After a certain 
cumber of these, say twenty, the discharge of the large jar 
takes place across the half-inch interval. This may be 
viewed as the expression of electrical power receiped from 
the unit jar- The experiment is now repeated, the wire 
between the balla having been removed, and therefore the 
' tip,' or the raising of the weight, is performed by the electri- 
cal repulsion and attraction of tlie two pairs of bails. At 
twenty diaehargea of the unit jar the balance is subverted, 
and one attracting knob drops upon the other ; but no i&- 
cJiarge takes place, showing that some electricity haa been lost 
or converted into the mechanical power wHch raised the 
balance. 

By another mode of expression, the electricity may bo 
supposed to be masted or analogous to latent heat, and it 
would be restoi'ed if the ball were brought back wifiiout dis- 
charge by extraneous force. If the discharge or other elec- 
trical effects wore the same is both cases, then, since the 
raising of the hall or weight is an extra mechanical effort, 
and siace the weight is capable by its fall of producing elec- 
tiicity, heat, or other force, it would seem that force could be 
i^ot out of nothing, or perpetual motion obtained. 

The above experiment is suggestive of othere of a similar 
character, which may be indefinitely varied. Tlius I have 
found tbat two balls made to diverge by electricity do not 
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give to an electrometer tlio same amount of elecfrioitp ae they 
do if, wliilst similarly electrified, thej ars kept forcibly to- 
gether. This 'experiment is the converse of the former one. 
There is an. adTanttige in eleetrieal experimeata of this elaaa 
as compared with those on heat, viz, that thoagli there is no 
perfect insulation for eleetricity, yet om' meaas of insala- 
tion are immeasurably superior to aay attainable for heat. 

Electricity directly produces heal, as ahowa in tlie igniied 
^rire, tfce electric spai'k, and the voltaio arc ; is the latter 
the moat intense heat with which we are acqcatated — ao in- 
tense, indeed, tliat it cannot be measured, as every sort of 
matter is dissipated by it. 

In the phenonaenoa of electrical ignition, as shown by a 
heated conjunctive wire, the relation of force and resistance, 
aad the correlative character of the t-wo forces, electricity and 
heat, are strikingly demonstrated. Let a thin wire of plati- 
num join the terminala of a voltaic battery of suitable power, 
the wire will he ignited, and a cerfaia amount of chemical 
action will take place in the cells of the battery—a definite 
quantity of ainc being dissolved and of hydrogen eliminated 
in a given time. If now the platinum wii-e be immersed in 
water, the heat will, from the clrcalating currents of the 
liquid, be more rapidly dissipated, and we shall instantly find 
that the chemical action in tlie battery will be increased, more 
ziuo vrill be di^olved, and more hydrogen eliminated for the 
same time ; the heat being conveyed away by the wafer, 
more chemical, action is required to generate it, just as more 
fuel is requirod in propoilion aa evaporation is more 

Eeverse the experiment, and instead of placing the ■wire 
in water, place it in the flame of a spirit lamp, so that the 
force of heat meete with greater resistance to its dissipation. 
We now find tliat the chemical action is less than in the first 
or normal experiment. If the wire be placed in other diffisr- 
ent gaseous or liquid media, we shall find that tlie chemical 
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action of the battery -will be proportioned to fie iacility with 
whicii tlie heat is circulaf«c! or radiated by these media, and 
we thus establish an alt«mating reciprocity of action hetwecD 
these two forces : a similar rseiproeity may he established 
between electridty and motion, magnetisia and motion, and 
so of other forces. If it cannot be reaJiaed with all, it is 
probably because we have not yet eliminatod interfering ac- 
tions. If we carefnlly tliink over the matter, we shall, unless 
1 am much mistaken, "arrive at the conclusion that it cannot 
be otherwise, unless it be supposed that a force can arMo trom 
nothiBg — can exist without autecedent force. 

In the phooomenoH of the voltaic arc, the electric spark, 
&c., fo which I have already adverted, electricity directly 
produces Ughi of the greatest known intensity. It directly 
produces inagnetism, as shown by Oersted, who first distittcfly 
pK>vod the connection between electricity and magnetism. 
Those two forces act upon eaeli other, not in straight lines, 
OS all other known forces do, but in a rectangular direction ; 
that is, bodies affected by dynamic electridiy, or the conduits 
of as electric current, tend to place magnets at right angliM! 
to them ; and, conversely, magnets tend to place bodies con- 
ducting cleclricity at right angles to fhem. Thus an electric 
current appears to have a magnetic action, in a direction 
catting its own at right angles ; or, supposing its section to 
be a circle, tangential to it : if, then, we reverse the position, 
and make the electric current form a series of tangents to an 
imaginary cylinder, this cylinder shoald be a magnet. This 
is efiected in practice by coiling a wire as a holix or spiral, 
and this, when conducting an electrical current, is to all in- 
tents and purposes a magnet. A soft iron core placed within 
such a helis; has the properly of conceatrating its power, and 
then we can, by connection or disconnection with the source 
of electricity, instantly malco or unmake a most powerful 
magnet. 

We may figure to the mind eleolrifled and magnetised 
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niattei's as lines of Tyhieh the extremities repel ea«h other in 
a definite direction; thiie, if a liae a b represent a wire 
affected by electricity, and superposed oh c JO a wire affected 
by magaetism, tlie extpome points a and b will be repelled to 
tlie fiwliiest distaaees irora the points c aad d, and the line a 
B be at right angles to the line o d ; and so, jf the liaesTjo 
subdivided to any extent, each will have two extremities oi" 
poles repulsive of those of the other. If the line of matter 
affected by electricity be a liquid, and consequently have 
entire mobiiily of particles, a coatinuous movement wiU be 
prodaced by magnetism, each particle successively tending, 
as it were, to fly oif at a tangent from the magnet : thus, 
place a flat dish containing acidulated water on tiie polos of e, 
powerful magnet, immerse iiio terminals of a yoltaie battery 
in the liquid just above the magnetic poles, so that the Uaes 
of electricity and of magaetiaEa coincide ; the water vrill now 
aflsume a movement at right anglesto this lise, flowing eoa~ 
tinously, as if blown by as equatorial wind, which may be 
made east or west with reference to the magnetic poles by 
altering the direction of the electrical current ; a similar ofiect 
may be produced with mercury. These cases afford an 
additional m-gomeut to those previonsly mentioned of the 
particles of matter being affected by the forces of electricity 
and magnetism in a way u'reconcilable wiih the flnid or 
ethereal hypothesis. 

The represeatalion of transvewie direction by magnetism 
aad electricity appears to have led Coleridge to parallel it by 
the transverse expansion of matter, or length aad breadth, 
though he injured the parallel by adding galvanism as depth : 
whether a third force exists which may bear this relation to 
electricity and magnetism is a question upon which we have 
no evidence. 

The ratio which the attractive magnetic force produced 
beais to the electric current producing it has been investigat- 
ed by many experimentalists and mathematicians. The data 
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80 variable, tliat it is clifflcult to arrive 
at definite resulis. Tims the relative sizu of the coil and thp 
iron, the temper or degree of hardneesof the latter, ita shape, 
or the proportions of length to diameter, tlie number of coil? 
STirrouading it, the conducting power of the racfal of which 
the coiliB are formed, the sbie of the keeper or iron in which 
magnetism ia induced, the degree of constancy of the baU 
t-ery, &c., complicftto the esperiments. 

The most trustworthy general relation which has been aa- 
certained is, that the magnetic attraction is as the square of 
the electric force ; a result due to the researches of Ijonz and 
Jacobi, and also of Sir "W. S. Harris. 

jLastly, electricity produces chemical affinity ; and by its 
agency we are enabled to obtain effects of analysis or synflie- 
sis with which ordisary chenuairy does not furnish uH. Of 
theso effects we baye examples in the brilliant discoveries, by 
Davy, of the alkaline metals, and in the peculiar erystalliae 
compounds made Imo^vn by Crosse and BecqnereL 
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IS entering on the subject of Light, it ■will be well to de- 
seribe briefly, and in a manner aa fer as may be in^- 
penJent of theory, the effects to whidi the term polarisation 
has been applied. 

When light is refiectad from tiie aur&ce o£ -water, glass, 
or maay other media, it undergoes a change which disables it 
from being again similarly reflected in a directioa at right 
angles to ttiat at which it hag been originally i-eflected. 
Light so affected is said to be polarised ; it will always be 
capable of being reflected in planes parallel to the plane in 
which it has been first reflected, but incapable of being re- 
flected ja planes at right angles to that plane. At planes 
haviag a dii-ectioo intermediate between the original plane of 
reflection, and a plane at tight angles to it, the light will be 
capable of being partially reflected, and more or ]os& so ac- 
cording as the direction of the second plane of reflection ia 
more or less coincident with tiieori^al plane. Light, again, 
when pa^ed through a crystal of Iceland spar, is what ia 
termed doubly refracted, i. e. split into two divisions or beams, 
each having half the luminosity of the original inddeat light ; 
each of these beams ia polarised in plaaos at right an^es to 
each other ; and if tliey be intercepted by the mineral toup- 
malinc, one of them is absorbed, so that only one polarised 
beam emerges. Similar effects may he produced by certain 
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Other refiectioHS or rn fractions. A ray uf liglit once polaris 
ed in a (»rtais plane eontinaes so affected throughout its 
whole subsequent course ; and at any indeflaite distance from 
the point whore it originally underwent tho change, the di- 
rection of die plane -will he the same, provided tlio media 
tlu-ough which it is transisitted he mx, water, or certain other 
ti-an''parent siihataBces which need Eot he enumerated. If, 
however, tlie polarised ray, instead of paseing through water, 
be made to pass through oil of turpentine, the definite dirsc- „ 
tion n which t is polarised will he foaad to be changed; and 
the change of dire I on 11 be greater accordisg to the 
length of the o! mn f nterpowd 1 q ud. Instead of being 
aa unifo -m p!a e t tvill have a urvilinear direction, 
sumiar to that which a strip f ca 1 would have if forced 
alojj, f vo oppo ego vss ot a nfle barrel. This curious 
efi" t IS prf 1 CG I m fferent degrees by different media. 
The diiect o aho vane tl e rotation as it is termed, being 
BometimeB to the right hand and aomctimeB to the left, aecord- 
isg to the peculiar molecular character of the medium tlirough 
which the polarised ray is transmitted. 

Light is, perhaps, that mode of force the reciprocal rela- 
tions of which with the others have been the least traced 
oat. Untn the discoveries o£ Niepce, Dagaerre, and Talbot, 
very little could bo deftaitely predicated of the action of li^t 
in producing other modes of force. Certain chemical com- 
pounds, among which stand pre-eminent the salts of silver, 
have the propei'ty of suffering decomposition when exposed ■ 
to light. If, for instance, recently formed chloride of silver 
bo snbmitted to Imniaous rays, a partial decomposition en- 
sues ; the chlorine is separated and expelled by the action of 
light, and tlic silver is precipitated. By this decomposition 
the colour of ilie substance changes from white to blue. If 
now, paper be impregnated with chloride of silver, which can 
be done by a simple chemical process, then partially covered 
with an opaque sulMtance, a leaf for example, and exposed to 
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a strong light, fJie chloride will be decomposed in all those 
parts of tlic paper where the %M is not intercepted, and we 
shall have, hj the actioa of light, a white image of the leaf 
on a purple groimd. If similar paper be placed in the focus 
of a lens in a cam.era-ohscura, the objects there depiet«d will 
decompose the chloride, juat in the proportion in which they 
ni'e laminoua ; and thug, as the rtmit luminous parts of the im- 
itgo will most darken the chloride, we shall have a picture of 
, the objects with revereed. lights aod shadows. The picture 
thxm produced would not be permanent, as subseiuent expos- 
nre would dai-ken the light portion of the picture : to fts it, 
the paper must bo immoreed in a solution which has the pro- 
perty of dissolving chloride of silver, hut not metallic silver. 
Iodide of potassium wiU effect this ; and the paper being 
washed aad dried will then preserve a permanent image of 
the depicted o^^ects. This was the ftret and simple process 
of Mr. Talbot ; but it is defective as to the purposes aimed 
at, m many pointa. First, it is not snSciently sensitive, re- 
quiring a strong light and a long time to prodncu an image ; 
secondly, the lights and shadows are reversed ; and thirdly, 
the coarse stru«^ure of Hie fln^t paper does not admit of the 
delicate traces of objects being distinctly impressed. Thrao 
defects have been to a great extent remedied by a process 
suhsequentiy discovered by Mr. Talbot, aad whicit bears his ■ 
name, and which has led to the collodion process, aod others 
unnecessary to be detailed here. 

The photographs of M. Daguorro, wiili which »U are now 
familiaT, are produced by holding a plate of higlily-polished 
silver over iodine. A thin film of iodide of silver is ^us 
formed on the snrface of ftie metal ; and when thebe iodized 
plates are exposed in the camera, a chemical alteration takes 
place. The portions of the plate on which the light has im- 
pinged part with some of the iodine, or are otherwise changed 
— for the theory is somewhat doubtful — aoas to be capable 
of ready amal^mation. When, thereC.re, the plate is placed 
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over the vapour of liealcH inercury. the mertnirj atlacliea it- 
self to the portions affected by light, and gives them a. white 
frosted appearance ; the intermediate tiata are leas alFec-tud, 
and those parts where no light has fallen, by retaining 
their original polish, appear dark: the iodidu of silver is 
then vra&hed off hy hyposulphite of soda, ■which han the 
property of dissolving it, and there remains a picture 
m which the lights aad shadows are as in nature, and the 
molecular uniformity of the metallic surface enahlea the 
mo't microBcopie details to he depicted with perfect accu- 
racy. By using chloride of iodine, or hromide of iodine, 
instead of iodine, the oquilibrium of chemical forces is ren- 
dered still more unstable, so that images may be taken, in an 
indeSnitely short period — a period practically instantaneons. 
B would be foreign 1« the object of this essay to enter 
upon the many beautiful details into which the scieace of 
photography has branched out, aaid the many valuable discov- 
eries and practical applicition's to which it has Jed. The 
short statement I ha a ab is p h perfiuons, as, 

though they tre nd -p a p n d when these 

Leciares wei-e d h phi p have now he- 

come familiar, h d a f encc, hut to 

^e artist and am, m th mpo n p n f oaeideration 
hern is that ligh wi h m caUy m ai y affect mat- 

ter. N'otonlywd h pa ti ula Bp nads bove selected 
as instances be hang d by h a n h but a vast 

number of sube ancee b h m rv n mpound, are 
notably affected y h n h ppaa ntly the most 



deed, are the substances affected, that it h^ been a 

not without reason, that matter of every descri|)tion is altered 

by exposure to light. 

The permanent impression stamped on the molecules of 
matter by light can be made to repeat itself by the same 
agency, but always with decreasing force. Thus a photo- 
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graph plaeett opposite a camera eoaiainiag a sensitiTe plate 
will be roproducod, but if Uie size of the imago be equal to 
the picture, die second picture irill be fainter than the first, 
and so on. Thua again, a photograph taken on a dull day 
cannot, by being placed in bright sunihino be nmde to repro- 
duce a second photograph of tlie same size iind more distinct- 
ly marked than itself; I at least have never sacceeded in 
such reprodnctioa, and I am not awai-e that others have ; the 
image loses io intensity as light itaelf does hj each transmis- 
sion. The surface of the metal or paper may giyc a brighter 
image from its being os^tpsed to a more int«n&o light, bot the 
photographic details are limited to the intensity of the first 
impression, or rather to something short of this, Aqaestion 
of theoretical interest arises irom. the consideration of these 
reproduced photographs. Wo know that the iHmiaoaily of 
the image at the focus of a telescope is limited by the area 
of the object-glass. The inmge of any given object cannot 
be intensified hy throwing upon it extraneous light ; it is in- 
deed diminished in intensity, and when for certain purposes 
Mtronomers iUuminate the fields of their telescopes, they ora 
obliged to be contented with a loss of intensity in the telescopic 
image. 

Now, let ns suppose that the minutest details ia the image 
of an object seen, ia a given telescope, and with a given pow- 
er, are noted ; that then a photographic plate is placed in tljo 
focus of the same telescope so as to obtain a permanent im- 
pression of the image which has been viewed by the eye-glass. 
Could the observer, by throwing a beam of condeiraed light 
upon the photograph, enable himself to bring out fresh details? 
or is other words, could he use with advantage a higher pow- 
er applied to the illuminated photograph? 

It is, perhaps, hardly safe to answer a jimn this queation; 
bnt the experiment of reproducing photographs would seem to 
show that more than the initial l%ht cannot be got, and that we 
cannot expect to increase telescopic power by photography, 
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though wa may render observatioiis more couveoient ; may 
by its means fix imagea seen on rare and favouratile occasions, 
and may pi^eserye permanent and infallible f ecorda of the 
past state of aatronomical objecta. 

The effect of light on chemical couipoimtte idFords us a 
etmkisg instance of the extent to which a force, ever active, 
may bo ignored throni^h snccoEsive ages of philosophy. If 
■wo suppose the walls of a large room covered with photo- 
graphic apparatus, the small amount of light reflected irom 
the face of a person situated ia its centre would simulta- 
oeoualy imprint his portrait on a mul&udo of recipient sur- 
faces. Were the camoraa absent, bnt the room coated with 
photographic paper, a chauge wouM equaUy tate place in 
every poiiion of it, thoagh not a raprodaction of form and 
&gaie. Aa other substances not commonly called photo- 
graphic are known to be affected by light, the list of whicli 
might be indefinitely estended, it becomes a curious object of 
contemplation to consider how far light is daily operating 
changes in ponderable matter — ^how far a force, for a long 
time recognised only in its visual effects, may be constantly 
producing changes in the earth and atmosphere, ia addilaon 
to the changes it produces in organised structures which are 
now beginning to "be extensively studied. Thus every portion 
of light may be supposed to write its own history by a change 
more or less permanent in ponderable matter. 

The late Mr. George Stephenson had a favourita idea, 
which would now be recognised as more philosophical than it 
was in his day, viz. that the light, which we nightly obtain 
from coal or other fuel, was a reproduction of that which had 
at one time been absorbed by vegetable structures irom the 
stRt. The conviction that the transient gleam leaves its per- 
manent impress on the world's history, also leads tlie mind 
to ponder over tlie many possible agencies of which we of tlie 
present day may be as ignorant as the ancients wore of tbo 
chemical action of light. 
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I have used the term light, aud affected ty l%lit, in spedt- 
mg of pliotograpiic effects ; l>ii±, tjiougii ilie- phenomena de- 
rived their Tutme from light, it line heoa doubted by majiy 
competent iavestigatops whether the phonoioena of photo- 
graphy are not mainly dependent upon a BeparatO agent ac- 
companying light, rather than upon light iteelf. It is, indeed, 
difficult not to believe that a picture, t«ien in ihe focus of a 
camcra-obscura, and which represenia to the eye all the gra- 
dations of light and shade shown by the ori^i^ luminous 
image, ia not aa effect of light ; certain it is, however, that 
the different coloured rays exercise different actions upon va^ 
rioua chemical compounds, and that the effects oh laany, per- 
haps on moat of them, are not proportiosate ia intonaity to 
the effects upon the visual organs. Those effects, however, 
appear to bo more of degree than of specific difference ; and, 
Tvithout pronouncing myself positively upon the question, 
hitherto so HtHe examined, I think it will be safer to regard 
the action on photographic compounds as resulting from a 
function of light. So viewing it, we get light as an initia- 
ting force, capable of producing, mediately or immediately, 
the other modes of force. Thus, it immediately produces 
chemical action ; and having this, we at once acquire a means 
of producing the others. At my Lectures in 1843, 1 showed 
an experiment hj which the production of all tlse other modes 
of force by light is csiihited : I may here shortly describe it. 
A prepared daguerreotype plate is endosed in a box iSUed 
with water, having a glass front with a shuttw over it. Be- 
tween this glass and the plate is a gridiron of silver wire ; 
the plate is connected with one extremity of a galvanometer 
coil, and the gridiron of wire with one estremity of a Bre- 
guet'a hclis—an elegant iMtrnment, formed by a coit of two 
met\la, the unequal expaosioa of which indicates slight 
changes m temperature — ^the other extremities of the galva- 
nometer aiid helix are coaaected trj' a wire, and the needles 
brought to zero. As soon as a beam of either daylight or 
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the oxyhydrogen Hgtt is, by raising tlie iLutter, permitted to 
iiapinge upon tte plate, the needles aie deflpctod. Thus, 
light being the initiating force, we get cltemtoal adion on the 
plate, eledrieiiy circiilatiug through the "wires, inagnetism in 
tbe coil, heat in the helix, and motion m the needles. 

If two plates of platinum be placed m acidulited water, 
and connected with a delicate galvanometer, the needle of 
tliis is always deflected, a reanlt due to films of gas or other 
matter on the surface of the platinom, wHch no cleaning caa 
remove. If, after the needle has returned to zero, which will 
not be the case for some hours or even days, one of the plat- 
inum surfaces bo exposed to light, a fresh deflection of the 
needle takes place, due, as far as I have been able to resolve 
it, to an augmentation of the chemical acfioa which had occa- 
eioaed the original defiection, for the deTiation is in the same 
direction. If, instead of white light, coloured light be per- 
mitted to impinge on the plate, the deriation is greater with 
blue than with -red or yellow light, sliowing, in addition fo 
other tests, that the effect is not due to the heat of the san's 
rays, as the calorific efiects of light are greater with red than 
witli blue light, while the chemical effects are tiie inverse. 

There are other apparently more direct ^;encies of light 
in prodacing electncity and magnetism, such as those ob- 
served by Moridimi and otliers, as well as its effects upon 
crystallization ; but these resalts have hitheito bMn of so in- 
definite a character, that they can only be regarded as pre- 
senting fields for experiment, and not as proving the i-elatioi^ 
of light to the other forces. 

Light would seem directly to produce heat in the phenom- 
ena of what is termed absorption of hght : in these we flnd 
that heat is developed in some proportion to the disappear- 
ance of iiglit. To take the old experiment of placing a se- 
ries of different eoloared pieces of cloth upon snow exposed 
to sunshine, the black cloth absorbing the most light, and de- 
veloping the most heat, sinks more deeply in tlie snow than 
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any others ; the other colours or shades of colom- sink the 
more deeply in proportion as they absorb or cause to disap- 
pear the more light, nntil we come to the ivhite cbth, wliich 
remains upon the snrface. The heating powers of different 
colours arc, however, not hy ai»y means in exact proportion 
to the inteimty of f heir Tight as a&cting ttic visual organs, 
Thus red light, when produceii by refraction from a prkia of 
glass, produces greater heating affect than yellow light in the 
phenomena of absorption, as has been observed fey Sir W. 
Herschel. The red rays appear, however, to prodnije a dy- 
namic effect greater thaa any of the others ; thus they pene- 
trate water to a greater deptlt than tlie other colours ; but, 
according to Dr. Seobeck, -we get a ftirtlier anomaly, viz. 
that when light is refracted by a prism of water the yellow 
rays produce the greater heating effect. The subject, there- 
fore, requires much more experiment before we can ascertain 
the rationale of the action of the forces of light aad heat in 
this class of phenomena. 

In a former edition of this Esoay, I 8nga;6sted tlie follow 
ing experiment on this subject : — Let a beam of li^Kt bo 
passed through two plates of tourmaline, or similar nab 
stance, and the temperature of the second plate, or that or 
wliich the light last impinges, be examined hy a dcli<^te thor- 
moacope, first when it is in a position to transmit the polai- 
iaed befem coming from the first plate, and aoeondly whea it 
has been tamed round throngh an arc of 80°, and the polar- 
ised beam is absorbed. I expected the', if the experiment 
were carefiiUy performed, the tamperatisre of the second plate 
woiild be more raised in the second caee thaa in tJio first, and 
that it might afford interesting results when tried with light 
of different coloura. I met with difficulties in procuring a 
suitable apparatus, and was eadeavouring to overcome them 
when I found that Knoblauch had, to some extent, realised 
this result. He finda that, when a solar beam, polarised in a 
certain plane, w traa8m.itted perpendicularly to the axis of a 
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crystal of brown quarte or toormaliiie, the heat is transmit- 
ted in a amaller proportion than when the beam passes fJong 
the direction of the axis of the crystal. 

It ifi generally — as far as I am aivare, nmversalfy — true 
that, while light contiaaes as light, even though reflected or 
transmitted by different media, little or no heat is developed ; 
and, as far as wo can judge, it would appear that, if a me- 
diian were perfectly transparent, or if a surface perfectly re- 
flected light, not the slightest heating effect would take place ; 
Mt, wherever light is absorbed, then heat takes its place, af- 
fording us apparently an instance of the conversion of light 
into heat, and of the fiict that the force of light is not, in fact, 
absorbed or aniuiii0ated, hut merely changed in eharaoter, 
becoming in this ins^aee converted into heat by iiupinn^g 
on solid matter, as in the instance mentioned in treating of 
heat, tibis force was shown to be converted into light by im- 
pinging on^aolid matter. As, however, I have before ob- 
served, tliis correlation of light and heat is not so distinct, as 
with the other affections of matter. One experiment, indeed, 
of Melloni, alresdy mentioned, would seem to show that 
light may exist in a condition in whicli it does not produce 
heat, which ottr instiuraeats are able to detect ; but some 
doubt has recently been thrown on the accuracy of this ex-- 
perkuent ; probably the substances themselves through which 
the light is transmitted would be found to have been Leated. 

The TBcipient body, or that npon which light ynpinges, 
seems to exercise as important aa influence on ovr percep- 
tions of light as the emittent body, or that froai lehich the 
light first proceeds. The recent experiments o- Sii- John 
Herschel and Mr. Stokes show that radiant imp«l-ies, which, 
falling on certain foodies, give no effect of light, become Is- 
minotfa whon falling on ofljer bodies. 

Thus, let ordinary solar light be refracted by i- prism (tlie 
best material for which is quartz), and the spectKim raceived 
on a sheet of paper, or of white porcelain ; looking ya the 
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paper, the eye detects no light beyond the extreme violet 
rays. If, therefore, an opaque body be interposed so as just 
to cut off the whole visible spectrum, the paper would be 
dark or inviaiblo, with the exception of some slight illumina- 
tion from light reflected by the air and aurroundiag bodies. 
Substitute for that portion of the paper ■which was beyond 
the visible spectrum a piece of glass tinged by the oxide of 
uranium, and flie glass is perfectly visiblo ; so witJi a bottle 
of sulphate of quinine, or of the juice of horse-chestmita, or 
even paper soaked in these latter solutions. Other substances 
eihibit thfe effect in dilTerent degrees ; and among the sub- 
stances which have hiUierto beea considered pei'fectly analo- 
gous as to their appearaace when illuminated, mitablo differ- 
ences are discovered. Thus it appears that omauatioia 
which give no impression of light to the eye, when imping- 
ing on certain bodies, become luminous when impinging on 
others. We might imagine a room so couRtructed that such 
emanations alone are permitted to enter it, whicli would be 
dark or light according to the substance with which the walls 
were coated, though in full daylight the respective coatuigs 
of the walls would appear equ^y white ; or, without alter- 
ing the coating of the waUs, the room exposed to one class 
of rays, might be rendered dajk by windows which would be 
transparent to another class. 

If, instead of solar light, the electrical light be cmpbyed 
for similar experiments, an equally striking effect can actually 
be produced. A d^ign, drawn on white ptipe'' ^nth a solu- 
tion of sulphate of quinine and fiirtaric acid, is invisible by 
ordinary light, but appears with beautiful distinctness when 
illuminated by tlie electric light. Thaa, in pronouncing upon 
a Inminous effect, regard must bo had to the recipient as well 
as to the emittent body. That which is, or becomes, light 
when it faUs iipon one body is not light when it falls upon 
another. I*robahly Oie retii^ of tlie eyes of different per- 
sona differ' to some extent in a similai' manner ; and the same 
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eubstaaco, illumioated by the same speetruro, may present 
diSei-ent appeaiaoces lo different persons, tiie speetMim ap- 
peai-mg more elongated to tlie one tJian to fhe other, so tha.t 
what la light to the one is darknesB to the other. A depend* 
ence on the recipient body may also, to a great extent, be 
predicated of hi,at. lyet two vesseta of water, tlie contents 
of the one clear and transparent, of tho other tinged by some 
uolouring matter, be suspended in a summer's snn ; in a very 
short time a notable difference of temperature wiii bo ob- 
served, tJie colonred having Ijecome mncb hotter than the 
clear liquid. If the first vessel be placed at a considerable 
distance from the surface of the eaith, and the second near 
the surface, the difference is sfill more considerable. Carry-- 
ing on this experiment, and suspending' the flrat over the top 
of a high momitain, and the second in a vaOey, we may ob 
tain so great a difference of t«niperature, that animals whose 
o:[^nization is suited for Ihe one temperature could not live 
in the other, and yet both are exposed to the same luminous 
rays at tlic same time, and substantially at the same distance 
from tho emittent body — ^the 9obsf«nce nearer the snn is in 
&et colder than the more remote. So, with regard to the 
medinm transmitting the influence : a green-house may have 
its temperature considerably varied by changing the glass of 
which its roof is made. 

These effects have an important bearing on certain cos- 
mioal questions which have lately been much discussed, and 
should induce the gi-eatest caution in forming opinioiis on 
such subjects as light and heat on the sun's surface, Oie tem- 
perature of the plaaets, &c. This may depend as much upon 
their physical constitution as upon their distance from the. 
sun. Indeed, the planet Mars gives us a highly pi-ohable ar- 
gnmeat for this ; for, notwithstanding that it is half as far 
agaJa "from the sun as the earth is, the increase of the white 
tracts at its poles dining its winter, and their diminution dur- 
ing its summer, show that tlie temperature of the surface of 
6 
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this planet oscillates about that of the ireezing point of w^ater, 
as do tlie aoalogoua zones of our p^et. It is true, in tins 
we asamae that the substance tbna changiag its state is water, 
biit, considering the many close analogieB of this planet with 
the earth, and the identity in appearance of these very effecta 
■with what takes place on the earth, it seems a highly proba- 
ble Bssumptioa. 

So it by no means necMaarily follows, that because Versus 
is nearer to tlie sun than the eariJi, that planet is hotter than 
oar globe. The force umltted by the sun may take a differ- 
ent character at the anriace oi each differeBt planet, and 
require different orgaiiisma or senses for its appreciation. 
Myriads of organised beings may esifit impe3M»ptible to oar 
vision, even if we were among them ; and we might be a^ 
imperceptible to them ! 

However vain it may be, in the present state of science, 
to Bpeculate upon such existences, it is equally vain to a^uma 
identity or close appi-oximatioaa to ota- own forms in those 
beings which may people other worlds. From aualogical 
reasoning, or from final causation, if that be admitted, we 
may feel convinced that the gorgeous globes of the univorae 
are not Tmpeopled deserts ; but whether the denizens of other 
worlds are more or less powerfnl, more or less intelligent, 
whether they have attribmtea of a higher or lower class than 
ourselves, is at present as utterly hopeless guessing. 

Specific gravity and ial«l!igence have no necessary con- 
nesjoa. On our own planet five senses, and a mean density 
equal to that of water, ai-e not invariably associated with in- 
tellectual or moral greatness, and the many arguments which 
have been used to prove that suns and planets other than the 
, earil), are uninhabited, or not iahahited by inteUectual beings, 
might, mutaiis mutandis, equally be used by the denizens of 
& sun or planet to prove that this world was umahabited. 

Meu are too apt, because they are men, because their 
existence is the one thing of all importance to themselves, to 
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friane schemoa of the uaiverse as tliougli it was formed for 
man alone : painted by aa artist of the swn, a maa miglit not 
rcpreseat so promitieiit an object of creation as he does 
■when represented by hie own pencil. 

Light was regarded, by what was termed the corpuscular 
theory, as being in Itself matter or a specific fluid emanating 
from luroinous bodies, and producing tlie eifeets of eensation 
by impii^ing on the retiaa. Thia theory gave way to the tin- 
dulfttory one, which ia generally adopted in the present day, 
and which regards light as resulting from the undulatloa of a 
specific fltiid to which the aame of ether has been given, 
which hypothetic fluid is suppowd to pervade the universe, 
and to penetrate the pores of all bodies. 

In a Lecture delivered in Jannaiy 1843, when I first 
publicly advanced the liews advocated in this Essay, I stated 
that it appeared to me more consistent with known facts to 
regard light as resulting from a vibration or modon of the 
molecules of matter itself, rather than from a speeiSc ether 
pervading it ; just aa sound is propagated by the vibrations 
of wood, or as waves are by water, T am not here speaking 
of the character of the vibrations of light, sound, or water, 
which are doubtless very diHereat from each other, but am 
only comparing them so far as they illustrate the propagation 
of force by motion in the matter itself. 

I was not aware, at the time that I firet adopted the 
above view, and brought it forward in my Lectures, that the 
celebrated Leonard Enler had published a somewhat similar 
theory ; and, though I suggested it without knowing that it 
had boon previojisly advanced, I should have hesitated in 
reproducing it had I not found tiiat it wes sanctioned by so 
eminent a mathematician as Euler, who cannot be supposed 
to lm.v6 pverlooted, any irre^stible argument against it — the 
more so in a matter so much controverted and discussed as 
the andalatory theory of light was in Ms time. 

Alfiioogh this theory has been considered defective by a 
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philosopiier of high repute, I cannot see the forca of tho 
arguments by ■which it has been assailed ; and therefore, for 
the pi-eaent, though with diffidence, I stiil adhere to it. The 
fact itself of the con'elation of the di^rent modes of force is 
to my mind a very cogent argument in favour of (heir being 
affections of the aaxno matter ; and thoa^ electricity, magnet- 
ism, and heat might be viewed as produced by imdulations of 
the same ether as that by means of whicli light is supposed to 
be produced, yet this'hypothesis offers gi'eater difllcjilties with 
regard to the otlier affections than Trith regacd to Hght ; many 
of these difficulties I have already aUuded to when treating of 
electricity ; thus conduction and non-conduction are not ex- 
plained by it ; the transmission of electricity tlirough long 
■wires in preference to the air which snrrounda them, and 
which must be at least equally pei^vaded by the ether, is 
irreconcilable with such an hypothesis. The phenomena ex- 
hibited by these forces afford, as I think, equally strong evi- 
dence wiUi those of light, of ordinary matter acting from par- 
ticle to particle, and having no action at a distance. I have 
already instanced the esjieriraents of Faraday on electrical 
in^ctioa, showing it to be an action of eoatiguoiis particles, 
■whidi are strongly in favour of this view, and many experi- 
ment which 1 have made on the voltaic arc, some of which 
I have mentioned in this Essay, are, to my mind, confli-ma- 
tory of it. 

If it he admitted that one of the so-eaUed imponderables is 
a mode of motion, then the fact of its being able to produce 
the others, and be produced by tiiem, renders it highly diffl- 
cnlt to coneei've some as molecular motions and others as 
fluids or undulations of an eflier. To the main objection of 
Dr. Toung, that all bodies ■would have the properties of solar 
phosphorus if light coimiBted in tie undulations of ordinary 
matter, it n>ay be answered that so many bodies have this 
property, and with so great a variety in its duration, that 
Twn conskti all may not have it, though for a time so short 
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iJiat the eye cannot detect its duration. M. E. Becqaerel 
has made, many esperimenta wMch support this view ; the 
feet of ilie phosphorescence by insolation of a largo number 
of bodies, ia in if self evidence of the matter of which tlioy are 
eomposed heing thrown into a state of undulation, or at all 
ewnts moleeularl^ affected by the impact of light, and is 
therefore an arguiaent ia support of the view to which objec- 
tion is taken. Dr. Toimg admits that the phenomena of 
solar phosphorus appear to resemMo greatly tlie'sympathelic 
Boauds of musical insteumeuts, which are agitated by other 
sounife conveyed to them through the air, and I am not aware 
that he gives aay explanation of these effects on the ethereal 
hypothesis. 

Some curious experiments of M. Niopco de St. Victor 
Boem also to prceect an analogy in luminons phenomesa to 
syiapaflietic sounds. An engraving whicli hue been kept for 
some days in the dark ia half covered by an opaque screen, 
and then exposed to the sue ; it is then removed from tJie 
light, the sereon taken away, and the engraving placed oppo- 
site, and at a short distance from, photographic paper : an 
inverted imago of that portion of the engraving which has 
been exposed to the stm is produced on tlie photographic 
paper, wliile the part which had been covered by the screen 
is not reproduced. If the engraving, after exposure, ia 
allowed to remain in contact with white paper for some hours, 
aad the white paper is then placed upon photogi-aphic paper, 
a faint image of the exposed portion of the engraving is repro- 
duced. Similar result* are produced by mottled marble ex- 
posed to the sun ; an invkibte tracing on paper by a fluores- 
cent body, sulphate of quisine, is, after insolation, reproduced 
on the photographic paper. Isolated paper retains the power 
of producing aa impressioB for a very long period, if it ia kept 
in an opaqoe tube hermetically closed. 

It is right to observe that theae effects are supposed by 
many to be due to chemical emanations proceeding from tlM 
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substaacea exposed (o the snn, aati -wMcli are believed to have 
undergone aome chemical change hj this exposure. It is 
desirable to await flirther experiment before forming a decid- 
ed opinion. 

The analogies in tlie progrcBsioa of sonad and light are 
very aamerooe : each proceed ia straight lines, until inter- 
rupted ; each is reflected in the same maioaer, tlie aaglea of 
incidence and reflexjon being equal ; each ia alternately nulli- 
fied and doubled in inteuBity by interference ; each is capable 
of refraction when passing from media of different density : 
this last effect of sound, long ago theoretically determiHad, 
has been experimentally proved by Mr. Sondhaussj who con- 
structed a lens of films of collodion, which, whea filled mth 
carbonic acid, enabled him to hear the ticking of a watdi 
placed ia one focus of the lens, the ear of the experimenter 
being in the opposite focus. The ticking was not heard 
when the watch was moved, aside from the focal point, though 
it remained at an equal distance from the ear. An experi- 
ment of M. Dove seems, indeed, to show an effect of polari- 
sation of sound. 

The , phenomena presented by heat, viewed according to* 
the dynamic theory, cannot be explained by the motion of aa 
imponderable ether, but involve the molecular actioas of 
ordiaary ponderable matter. The doctrine of propagatioa by 
undulations of ordinary matter is very generally admitted by 
those who support the dynamical theory of heat ; but the 
analogies of the phenomena presented by heat and iight, are 
so close, that I cannot see how a theory applied to the one 
agent should not be applicable to the otiicr. When heat is 
transmitted, leflected, refracted, or polarised, ,caa we view 
that as an aljfectioa of ordinary matter, and when the same 
- effects take place with light, view the phenomena as pro- 
dtsced by an imponderable ether, and by that alone ? 

An objection that immediately, occurs to the mind in 
reference to the etJiereal hypothesw of light is, that the most 
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poi'ouB bodies arc opaque ; eork, xsharooal, puimce stone, dried 
and moist -wood, &c., all very pofons and Teiy liglitj are all 
opaqae. This objection is not so superficial aa it jnight seem 
at first aight. The theoiy wliich asaumi^ tliat liglifc is an 
imdnlation of an ethereal medium pesrvading gross matter, 
aasumes fee distances between tlie moleeoles or stamB of 
matter to be very great, Mattel- }ms been Hkened by Demo- 
critus, and by many modem philosopbers, to the atamy flrmap' 
ment, in wliich, though, tlie iadividaal monads ore at immense 
distances from each otlier, yet they have in the aggregate a 
chta-acter of unity, and ace feroly li«ld by attraction in their 
respective positions and at definite distances. Ifow, if matter 
be built up of separate molecules, then, as far as oht knowl- 
edge eaitends, the lightest bodies would bo those in which the 
molecules ai'e at the greatest distances, and those in which 
any ondoLlation of a pervading mediom wotild bo the least 
interfered with by the separated particles — such bodies should 
consequently be the most transparent. 

If, again, the analogy of the starry firmament held good,' 
in this ease an nndulafion or wave proportioned to the indivi- 
dual monads would be broken up by the number of them, and 
the very appearance of continuity which results, oa in the 
milky way, from each point of vision being occupied ,by one 
of the monads, would sliow that at some portion of its pro- 
gress the wave is interrupt«d by one of them, so that the 
whole may be viewed in some respect as a sheet of ordinary 
matter interposed in the ethereal e:q>anso. 

- Even then, if it be admitted that a highly elastic medium 
pervade the interspaces, the separate masses as awhole must 
exercise tm important influence on the progress of the wave. 
Sound or vibrations of air meeting with a screen, or, as 
it wore, sptm^ of difineed particles, would be broken op and, 
■ dispersed by them ; butiffheybe sufficiently continuous to 
take up the vibratioQ and propagate it tliemselTes, the sound 
coatianes comparatively miimpaii-ed- 
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* "Willi regard, however, to liquid and gaseoua Lodiefc, there 
are verj great ditficnlties in viewing them as consisting of 
separate aad distant molecules. If, for instance, i»e as&ume 
with Young tixat the paitides in water ai'e at least as disSaat 
from each other comparatively as 100 men wonld be if dis- 
persed at eqaal distances over the surface of England, the dl&- 
fanCQ of these partieles, when the water is expanded into 
flteam, wouH he increased more tlian fortj" times, so that the 
100 men would he redaeed to two, ind by farther iflereaein" 
the temperature thia distance may be mdeflmttly mcreased, 
adding to the effects of tcmperatme ratefactirn by the air 
pump, wc may again increase the distance, do th it, if we as- 
"sumo any original distance, we ought, by expansion, to 1.1 
crease it to a point at ■which the aistance between moleculo 
aad molecule should become meaeurrhlo Bui no extent ot 
rarefaction, whether by heat or the air pmnp, or both, makes 
the slightest change in the apparent contmmfy of matter , 
and gases, I find, retain their pocnliar character, as tar aa t 
j«(^mesf of it can bo formed from its effect on iho clectiie 
spark, throHghout any extent of raiefaction which can e^pei- 
imeatally be applied to them : thus the electric iparh m pi ot- 
oxide of nitrogen, however attenuated, presents a crimbon 
tint, that in carbonic oxide a greenisli tint 

Without, however, enteiiiig on Iho mefaphyacal enquiiy 
aa to the constitution of matter (or whethei the atomic phil- 
osophers or the followers of Bosoovich ate light), a question 
which probably human applianci,8 will never aiiswi-i aiid 
even admitting tliat an ethereal medium, not absolutely im- 
poaderaMe as asserted by many, but of extreme t«nmty, per- 
vades matter, stil! ordinary or non etliereal matter itself muHt 
exercise a most important action upou lue tiansniission of 
light ; and Dr. Yomig, who opposed the theoiy of Euler, that 
light was traiismitfed by undulations of gioss matter itself, 
just as sound is, was afterwards obhged to call to hi? assis- 
tance the vibrations of the ponderable msttei of the lefraot^ 
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ing media, to explain why raya of all colonrs were not equal' 
ly refracted, and other diflicultieg. One of his arguments in 
support of the exiaf«nee of a permeating ether waa, " that a 
medium resembling in many properties that which has been 
denominated Ether does exist, is undeniably proved by tha 
phenomena of eleatrieitj." This seems to aie, if I may ven- 
ture to aay bo of anything proceeding &om so eminent a man, 
scarcely iogieal : it is supporting one .bypotlteais by another, 
and considering that to be proved which its most strenuous 
advocates admit to ba surrounded by very EQBny difficulties. 

If it be said that there is not sufiieiest elasticity in ordi- 
nary matter for tlUe transmission of undulations with such ve- 
locity as light is known to travel, this may he so if the vibra- 
tions be supposed exactly analogous to tiiose of sound ; but 
tiiat molecular motion can travel with equal and even greater 
velocity than light, ia shown by the rapidity wiili whicli elec- 
tricity traveraes a metal wire where each particle of metal is 
undoubtedly affected. It has, moreover, been shown by the 
experiments of Mr, Latimer Clarke upon a loEgth of wire 
of 760 miles, that whatever be tlie intensity of electrical cur- 
rents, they are propagated with the same veloei^ provided 
the effects of lateral induction be the same — a striking anal- 
ogy with one of the effects observed la the propagation of 
li^t and sound. Tlie effects observed by MM. Fizaau and 
Foucault, of the slower progression of light in propoi'iioii aa 
the transmitting medimn is more dense, seem to me iafavour 
of the view here advocated ; aa a greater degree of heat 
would be produced by light in proportion to the density of 
the medium, force would be thus carried off, and the molecular 
.system disturbed so that tiie progress of the motion shonldbe 
more slow ; but so many considerations enter into this question, 
and the phenomena are so extremely complex, that it would 
be rash to hazard any positive opinion. 

Dr. Young ultimately came to the eouclusion that it was 
simplest to consider the ethereal medium, together with the 
6» 
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material atoms of the aubataticc, as coualitutiDg tugetlier a 
compound medium dpn^sr than pure other, but not more elda- 
tie. jEtlier might thu3 he viewed as performing the fuactiona 
■which oil does with tra«iag paper, giving continuity to the 
particles of gross matter, and ia the interplaaetary spaces 
forming itself the raedium which transmits (he midnlatioiis. 

fcjince the period whea Huyghens, Euler, and Yoong, the 
{athera of the undnlatorj- theory, applied their great minds to 
this subject, a mass of experimental data has accamiilafed, 
all tending to establish the propositions, that, whenever matter 
transmitiiag or reflecting light undergoes a structcu-al change, 
the light itself is affected, and ihat there is a connection or 
paraUelisc^ between the change in the matter and the change 
in the affection of light, and conversely that light will modiiy 
or change the structure of matter and impress its molecules 
with new eharaeteristics. 

Transparency, opacity, roiraclion, reflection, and colour 
were phenomena known to tJie ancients, biit sufficient attention 
does not appear to have been paid by thent to the molecular 
states of the bodies prodocing these e&cts ; thus the trans- 
parency or opacity of a body appears to depend entirely upon 
its molecular. arrangement. If striffl occur in a lena or glass 
through which objects are viewed, the objects are distorted : 
increase the number of these stnee, the distoiiiou ia so in- 
creased that the ohjecta become iaviaible, and the glat« ceases 
to be transparent, though remaining translucent ; but alter 
completely the molecular structure, as by alow aolidificatios, 
and it becomes opaque. Take, again, aa example of a liquid 
and a gas : a solotion of soap is transparent, air is transpar- 
ent, bnt agitate them togethei- so as to form a froth or lather, 
and this, though consisting of two trataparent bodies, ia 
. opaque ; and the reflection of light from the surSice of these 
bodies, when so intermixed, is strildBgly different from its re- 
flection before mixture, in the one case giving to the eye a 
mere general effect of whiteness, in the other the images of 
objects in their proper shapes and colours. 
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To take a. more refined instaace : nitrogen is pcrfecUy 
eolourless, oxygen is perfectly coloarleaa, but chemicaMy wm- 
tei in certain proportiona tiiey form nitrons acid, a gas which 
haa a deep orange brown eolonr, I know not how the col- 
our of this gas, or of such gasMi as chlorine or vapour of 
iodine, can be aeeoimted for by the ethereal hypothesis, with- 
oat calling in aid molecnlar affections of the matter of these 
gases. 

Colour in many instances depends npoa the tliickuess of 
the plate or film of tj-ai«pftrent matter npon -which Ughtis in- 
cident ; aa in all those cases which are termed the colours of 
thin plates, of which the soap bubble affords a beantafiil in- 
stance. 

Wl^n we arrive at tlie more recent discoveries of double 
refraction and polarisatio2, tlie effects of light are fonnd to 
trace out as it were the structure of the matter affected, and 
the crystalline form of a body can bo determined by the 
effoelB which a minute portion of it exercises on a ray of 

Let a piece of good glass be placed in what ia called a 
polariscope, or instrament in which light that has undergone 
polarisation is transmitted through the Bobsfcaace to be exam- 
ined, and the emergent light is afterwards submitted to anoth- 
er aabstaiiec capable of polarising light, or, as it is termed, an 
analyser ; no change ia effect will be observed, EemOTe the 
glass, heat it and suddenly or qnicMy cool it aa to render it 
unalssealod, ia which state its molecules are in a state of 
tension or strain, and the glass highly brittle, on replacing it 
in the polariscope, a beantiM seriea of colom-s is perceptible. 
Instead of subjecting flie glass to heat and sudden cooling, 
let it bo bent or strained hy sneelianical pressure, and the col- 
ours will bo equally visible, modified, aeeording to the direc- 
tion of the fiosure, and indicating by their course the onrvea 
where the molecular state has been changed bypressuro. So 
if tough glue be elongated and allowed to cool in a stretched 
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state, it doubly refracts light, nnd the colours are &Ii(>ivn a« in 
the instanee of glass. 

Submit a series of ciystals to the &ame examinatiua, aiid 
diiFerent figures "will be formed hy diifeieat crystals, ^earillg 
ft constant aad definite relation to the sti'actnre of ihe partic- 
ular crystal examined, and to the direction in which, with 
reference to crystalline form, the ray crosses the ciyital. 

In the crystallised salts of paratartaric acid, M. Pasteur 
noticed two sets of crystale ■which were hemihedral in oppo- 
site direLtiona i e the crystals of one sot were to those of 
the other as to tl eir own miagt, reflected in a mirror ; on 
making x separ^iie solution of each of these classes of crys- 
tals, he found thit the solution of the one class rotated the 
plaue of polwiiation to tKe right, lyhile tliat of the other 
class lotitcd to the left, and that a mixture in proper propor- 
tions of tlie two solutions produced no deviation in the plane 
of polarisation. Tet all these three solutions are what is term- 
ed isomeric, tliat is, have as far as can be discovered iiie same 
chemicfll constitution. 

In tlie abore, aad in innumerable oiher c^es, it is seen 
that an alteration in the structnre of a transparent substance 
alters the character and effects of the transmitted light. The 
phenomena of photography prove that light altera the strno- 
ture of matter submitted to it ; with regard even to viaioa it- 
self, the peraistence of images on tlie retina of the eye would 
seem to show that its structure was changed by the impact 
of light, the luminons impressions being as it were branSed 
on the retina, and the memory of the vision being the scar of 
such brand. The science of photography has reference mam 
ly to solid substances, yet there are many mst<iuees ot liqmd 
and gaseous bodies being ehan'^d fey tht, action of hj^ it Urns 
hydi'ocyanic add, a liquid uEdergoe* ■* chemical change aad 
deposits a solid carbonaceous componnd by the action of 
h'ght. Chlorine and hydrogen gase" when naxpl and ifia- 
served in darkness, do nat umte but wht.u expc^ed t3 h hi 
rapidly combine, foi-mang hjdiochlouc acid 
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The above facts — and many othei's might have been given 
—go far to connect ligbt with motion of ordinary matter, snd 
to ahow that maay of the evidences which oar senses rcceiva 
of the existence of light result from changes in matter itself. 
When the matter is in the solid state, these changes are more 
or less permaneiit ; livhen la the liquid or gaseous state, they 
are temporary in the greater number of inetancca, iiiiless there 
be some chemical change effected, whicli is, as it were, seized 
upon duriiig its occurrence, and a resultiiig compomid formed, 
which is more stahlo than the original componnd or mis- 

I laight weary my reader with examples, showing that, 
JD cveiy caae which We can trace out, the effects of light are 
changed hy any and every chajige of structure, and that light 
has a definite connection with the sfructure of (he bodies 
affected by it. I cannot hut thinl: that it is a strong assump- 
tion to regard ethei', a purely hypothetical creation, as chang- 
ing its elasticity for each change of structure, and to regjmil 
it as penetrating the porM of lK)dies of whose porosity we 
have in many eases no proof; the which pores most, more- , 
over, have a definite and peculiai- eommnnication, also asswmed 
for tiie purpose of the theory- 
Ether is a most convenient medium for hypothesis ; thus, 
if to accotmt for a given phenomenon the hypothesis requires 
that the ether he more elastic, it is said fo he more elastic ; 
if more dense, it is said fo be more dense ; if it be required 
by hypotliesis to be less elastic, it is pronounced to be less 
elastic; and so on, 

The advocates of the ethereal hypothesis certainly have 
this advantage, (hat the ether, being hypothetical, can have 
its characters modified or changed without asy possihllity of 
disproof either of its existence or modifications. 

It may be that the refined mathesiatieal labom-s on 
light, as on electricity, have given an imdue and adventitiouH 
strength to the hypotheses on which they ai'e based. 



...Coogic 



134 ( 01 1 ELATiuN or pnieitAi FORCiS 



An obiection to which the Tiew I have heen advocating ia 
open, aad a foimidahle one, is, the (H,ce=sifv imolved m it of 
an unirersal plenum , foi if light, heaf , tkctiicity, &.e , fee affec- 
tions of ordinary mattei (hen malter must be supposed to be 
everywlicre where tiieae phenomena are apparent, and eoa- 
seqaentlj there can be no vacnnm 

These foices are tranamitted through what aie called 
yacaa, or fhiongh the interplanetary spaces, vhero matter, if 
it exist, must be m a highly attenuated state 

It may he safely stated th t hitherto all attempts at pro- 
curing a perfect vacanm have failed Ihe ordinary air- 
piunp give^ 118 only highly raiuSed air , and by the pnacaple 
of construction, evea of the best, the operation depends upon 
the indefinite expansion of the volvime of air in the receiver ; 
even in the vacmini which ia formed in this, so great is the 
tendency of matter to fill up space, that I liave ohserfed dis- 
tilled water contained in a vessel withia the eshanated receiv- 
er of a good air-pump has a t^te of tallow, derived from the 
grease, or aa essential oil contained ia it, which la used fo 
form an tur-tigiit junction between the edges of the receiver 
and the pump-plale. 

The Torricellian vacuum, or that of the ordinary baro- 
meter, ia filled with the vapour of mercury ; but it might he 
wortii the trouble to ascertain what iroidd be the effect of a 
good Torricellian vacuum, when the mercuiy in the tube is 
froaen, which might, without much difHcnlty, be now effected 
by the use of solid carbonic acid and ether ; the only proba- 
ble difficulty -would be tlie difterent rates of contraction of 
mercury and glass, at such a degree of cold, and more par- 
ticularly tlifi contraction of mercury at the period of its 
Golidiflcation. Davy, however, endeavoured to form a 
vacuum, in a somewhat similar manuPT, over fused tin, with 
but partial success ; he also made many other attempts to 
obtain a perfect vaosum , his niaan object being to ascertain 
what woxild be the effect of electricity across empty space : 
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he admits tiat he could Hot succeed ia pirociiring a vaouam, 
bat found electricity vinch less readiiy conducted or trans- 
mitted by tbe best vaeuum he could procure than by the ordi- 
nary Eoylean vacuum. 

Morgan found no conduction by a good Torricellian vac- 
uum ; and, although Davy doea not seem to place much reliance 
ou Morgan's experiments, there ■was one point in which they 
were lees liable to error thaa those of Davy. Morgan, -wlioss 
experiments seem to have been carefuUy conducted, operated 
withhcnneficaliy-gealedglafiB tubes and by induced electricity, 
■while I>&Yy sealed a platinum ■wire into the extremity of the 
tube in ■which he sought to produce a vacuum. I have foinid 
in vorynianeroiia experiments which I made to exclude air 
from water, that platinum wires, most carefully sealed into 
glass, allo'H' liquids to pass betweea them and the glass ; and 
this gives every reason to believe that gases may equally psas 
through ; I have observed such effect in iha gas battory -when 
it has been in action for a long period. Davy supposed that 
the particles of bodies maybe detached, and so produce elec- 
trical eifects in a vacumm ; and such effects -would more read- 
ily take place in his experiments, where a wire projected 
into the exhausted space, than in Morgan's, where the in- 
duced electricity was difiused over -the surface of tlie glass. 

M. Masson found that the barometric vacuuia does not 
conduct a current of electrici-^, or evea a discliarge, unless 
the tension is considerable and snfEcient to debich particles 
from the electrodes ; and by adopting a plan of Dr. An-, 
drews, viz. absorbing carbonic acid by potash, M. Gassioi. 
baa recently succeeded in foraiing vacua across, which 
the powerful discharge from the Ehumkorf coil wiU not 
paas. 

The odour wliich many metals, sacli aa iron, tin, and 
duo emit, and the so-eaDed thermographic radiations, we 
can hardly explain upon any, other theory than the evapora- 
tion of an infimtosimaUy small portion of the metal itself. 
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So Timversal ia the tendency of matter to diifiise itself 
into space, that it gave rise to the old Baying that nature 
abhors a Tacuum ; aa aphorism which, though cavOlcd at and 
ridiculed hj the self-snfflcieney of some modern philosophers, 
contains in a terse, though somewhat metaphorical, form of 
e3:pre89ioa a comprehensive truth, and evinces a large extent 
of observation in tiiose who, with few of the advantages which 
we possess, firat .generalised by this sentence the facts of 
which tliey had become cogn^aat. 

It has been ar^ed that, if matter wei-e capable of infinite 
divisibilily, the esrth's atmoaphera would have no limit, and 
that consequently portions of it woold exist at points of apace 
where the attraction of the eim and planets would be greater 
than that of the earth, and wbence it would fly off to tbose 
bodies and form atmospheres around them. This was sup- 
posed to be negatived hy the argimieat of the well-known 
paper of Dr. WoUastoo ; in which, fcom the absence of nota- 
ble refi-action near the margin of the sxm and of flic planet 
Jupiter, he considered himself entitled to conclude that the 
expansion of the eai1>h's atmosplere had a definite limit, and 
was balanced at a certimi point by gravitation ; this deduc- 
tiop has been shown to be inconclusive by Dr. "Whewcll, and 
has also been impugned upon others grounife by Dr. 'WUsoit. 
There is a point not adverted to in these papeire, aad which 
Wollaston does not seem to have considered, vie. that there 
is no evidence that the apparent discs of the sun and of Jupi- 
ter show lis their real discs or bodies. Sir. W, Herschel 
regards the margin of the visible discs as that of clouds or a 
peculiar state of atmosphere, and the rapidly changing char- 
acter of the apparent surfaces render some such conclusion 
necessary. If this be so, refraction of an occulted star could 
not be detected — at aU events, in the denser portion of the 
atmosphere, 

Sir W. Herschel's observations go to prove that the 
sun and Jupiter liave dense atmospheres, while Wollaston's 
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■were believed to prove that tliey liave no appreciable atmos- 
phmes. 

If it be admitted, or eonaidered proved, that the sim and 
planets have atmospheres — and little doubt now extets on thia 
point — then, the grounds upon 'which "Wollaston foaaded hia 
argnmeafs are untenable ; and there appears ao reason why 
the atmosphere of the diflerent planets should not, be, with 
reference to ea«h other, m a state of eqmlibrinm. Ether, or 
the highly-attenuated matter existing in flie intei-planetary 
spaces, being an expansion of some or all of these atmos- 
pheres, or of the more volatile pordons of them, would thus 
fiiruish matter for the tranamissioa of the modes of mxrtion 
which we call %ht, beat, &c. ; and possibly niinute portions 
of these atmospheres may, by gradual changes, pass horn 
plane! to planet, forming a link of materidl communication 
between the distant monads of the univerae. 

The view given above would approximate the theory of 
the transmissioD of light by the imdulations of ordinary mat- 
ter to the other two theories, which equally sappose the non- 
existence of a vacamn; for, according to the emissive or 
corpuscular theory, the vacuum is filled by the matter itself, 
of light, heat, &c. ; aceoi'ding to the ethereal, it is filled by 
the all-penetrating ether. Of the existence of matter in the 
interplanetary spaces we have some evidence in the diminish- 
ing periods of comets ; and where, fi-om its highly attenuated 
state, the character of the mediimi by which the forces are 
conveyed cannot be tested, the term ether is a most appropri- 
ate generic name for such medium. 

Newton has some carious passages on the subject matter 
of light. In the ' Queries to the Optics ' he says : — 

'Are not gross bodies and light convertible into one 

another, and may not bodies receive much of their activity 

from the particles of light which enter their composition? 

« » « The changing of bodies into light and %ht into 

bodies is very conformable to the coarse of nature, which 
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Beema delightecl with transnmtationa. Water, which is a 
very fluid, tasteless salt, sha changes by teat into vapour, 
■which is a sort of air, and hj cold into ice, which is a hard, 
pellucid, britde, fiiaible stone, and this stone returns into 
water by heat, and vapour returns into water by cold. * * 
And, among such yarioua and strange transmutations, why 
may not nature change bodies into light, and light into 
bodies ? ' 

Newton has here seemingly in his mind the emfesive 
theory of light ; but the passages might be applied to either 
theory ; tlio analogy he saw in the ehaisge of state of matter, 
OB m ice, water, and vapour, with the hypothetic change into 
light, is very BtriMng, and would seem to show that lie regard- 
ed the . change or transmatatiou of whieli he speaks as oae 
analogous to the knowB changes of state, or consistence, in 
03'dinary matter. 

The ^fference between the view which 1 am advocating 
and that of the ethereal theory as geneitJly enufleiated is, 
that the matter whidi in the iaterplanetary spaces serves as 
the means of traiismittiag by its undulations light and heat, I 
should regard as possessing ttie qualities of ordinary, or as it 
has sometimes been called gross, matter, and particulaily 
weight ; though, from its extreme rareSiction, it would naani- 
fest these properties in an indefinitely small degree ; whilst, on 
the surfitce of the earth, that matter attains a density cognisa- 
ble by our meaas of experiment, and the dense matter is 
itself, in great paxt, the conveyer of the ondtdations in which 
these agents, consist. Doubtless, in very many of the forms 
wliich matter assumes it is porous, and pejvaded by moi-e 
volatile essences, wliich may differ as much in kind as matter 
does. la these cases a compOHto medium, such as tJiat indi- 
cated by Dr. Toung, would reanit ; but even on each a suppo- 
sition, the deBser maimer would probably exercise the more 
important influence on the ondulations. Returning to the 
somewhat strained hypothesis, that the particles of dense 
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aiaLter in a so-callec! solid are m distant as the Ktars ia heaven, 
Btili a Bertain deptii or tliiciaess of such solid vvoidd present 
at evoiy point of space a partide or rock in tlie successive 
progress of a wavQ, 'which particles, to carry oo the move- 
ment, mast •vibrate in iraison with it. 

At the utmost, oar Msuioption, on the one hand, is that 
■wherevBi' light, heat, &c., esist, ordinary matter esMts, though 
it may he so attenuated tlvat wo cannot recognise it hy the 
tests of other forc«si such as gravitation, and that to the es- 
panaibility of matter no limit can he assigned. On the other 
haad, a spedfic matter trithont weight must he assumed, of 
the existence of which there is no evidence, hut in the phe- 
nomena for the explanation of wliich its existence is supposed. 
To account for the pheaomeqa the ether is assumed, and to 
prove the existence of the ether the phenomena arc cited. 
For these redone, and others above given, I think that the 
assnmption of tihc universality of ordinary matter is the least 
gratoitoiis. 

A question has often occurred to me and possibly to oth-^ 
era : Is the costinoance of a lumiaons impulse in the inbi-- 
planetary spaces perpetual, or does it after a cert^n distance 
dissipate itself and become lost as light — ^I do not mean by 
mere divergence directly as the squares of the distances it 
travels, but does the physical impulse itself lose force as it 
proceeds? Upon the view I have advocated, and indeed 
upon any uadalatory hypothesis, there must be some resist- 
ance to its progress ; and nnless the matter or ether in the 
interplanetary spaces be inflnitoly elastic, and there he no 
lateral action of a ray of hght, there must be some loss. 
Thatit is exceedingly miaafe is proved by the distance light 
travels. Stars whoae paraEax is aacortained are at such a 
distance from the earth that their light, travelling ftt the rate 
oi' 192,500 mites in a second, takes more .than ten years to 
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reach the earth ; eo that we see them as they existed ten 
years ago. The distance of moat visible stara is probably fer 
greater than this, and yet their brilliance 13 great, and in- 
creases Tvhen their rays are collected by the telescope in pro- 
portion ceteris paribus to the area of tlie objectr-glaes or epeo- 
■ulum. There is, however, an argument of a somewhat spec- 
ulative character, by ■which light would seem to be lost or 
transformed into some other force in the inteiplanetary spaces. 

Every increaae of Bgace-peaetrating power, in the tele- 
scope gives us a new field of visible stars. If this expansion 
of the stellaT universe go on indefinitely and no light be lost, 
then, afisuming the fixed stars to be of an average equal 
brightness with our snn, and no light lost other than by diver- 
gence, the aight ought to be equally luminous with the day ; 
for thongh the hght from each point diminishes in intensity 
as the square of the distance, the number of luminous points 
would fill up tlie whole space arousii us ; and if every point 
of space is occnpied by an equally brilliant point of light, the 
distance of the points becomes immatei'ial. The loss of light 
intercepted by stellar bodies woidd make no difPoi-ence in the 
, total quantity of light, for each of these would yield from ita 
owa self-luminosity at least as much light as it intercepted. 
Light may, however, be intercepted by opaque bodies, such 
as planets ; but, making every allowance for tliese, it is difii- 
calt to understand why we get so little light at night from the 
stellar Quiverse , withoot assuming that some light is lost in its 
progress through space — not lost absolutely, for that would be 
an annihilatioQ of force — but converted into some othei- mode 
of motion. 

It iaa,y be objected that this hypothesis assumes the stel- 
lar nniverae to be illimitable : if pualied to its extreme so aa 
to make the light of night eqnal that of day, provided ao 
stellarlightbelost, it does make this assumption; but even 
this is a fiir more rational assumption to make than tliat the 
stellar universe ia limited. Onr experience gives no indict- 
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tioa of a limit ; each improvemeRt in telescopic power gives 
us new realma of stars or of neBuIis, whieli, if not stellar 
clustera, are at aU eventa aelf-lnminoua nxatl^r ; and if -wo as- 
aame a limit, what -is it? We cannot conceive a physical 
boundary, for then immediately comes the question, what 
bounds the houndary ? and to suppose the stellar tmivcrse to 
be bounded by infinite space or by infinite chaos, that is to 
say, to suppose a spot — for it would then become so — of mat- 
ter in definite forms, with definite forces, and probably teem- 
ing with definite organic beings, plunged in a imiverse of 
nothing, is to my mind at least far more unpliilosopliical than 
to suppose a boundless BHiyerse of matter existing in forma 
and actions analogoas to those which, as far as our examina- 
tion goes, pervade space. But without speculating oa topics 
in which the miad loses itself, it may not unreasonably be 
expected tliat a greater amount of light would reach us from 
the sarrouuding aelf-luminons spheres were not some portion 
lost as light, by its action on the medium which conveys the 
impulses. What force thfe becomes, or what it effects, it 
would be idle to e^eoulate upon. 
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MAGNETISM, aa was proved by the important discov- 
ery of Faraday, will produce electricity, but witli this 
peculiarity — that in itaelf it is static ; and, therefore, to pro- 
doco a dynamic force, motion must be saperadded to it : it is, 
in fact, directive, not motive, altering the direction of other 
forcea, but not, in strietn^s, initiating them. It is diificult 
to convey a definite notion of the force of magnetism, and of 
the mode in which it affects other forces. The following il- 
Instration may give a rude idea of magnetic polarity. Sup- 
pose a number of wind-vanes, say of the shape of arrows, 
with the apiadlea oa which they revolve arranged in a row, 
^ but tine vanes pointing in varioua directions : a wind blowing 
from the samo point with an uniform velocity will instantly 
arrange these vaaea in a definite direction, the arrow-heads 
or narrow parts pointing one way, the swallow-tails or broad 
parta anotlier. -If they be delicately suspended on their spin- 
dles, a very gentle breeze will so arrange them, and a very 
gentle breeze will agaio deflect them ^ or, if the wind cease, 
and they have boon originally subject to other forces, such as 
gravity from mieqaal Buspension, they wiU return to irregu- 
lar poaitioos, themselves ci-eating a slight breeze by their re- 
turn. Suoli a state of things wfll represent the state of the 
molecules of softiroa ; electricity acting on them — not indeed 
la straight lines, but in a definita Erection — prodnces a polar 
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arrangement, wWch fliey will lose as soon as fte dynamic in- 
dudag force is removed. 

Ijet US now aapposo the vanes, iaatead of turning easily, 
to be naore stiffly fixed io the axles, so as to be turned witli 
difflcnlty ! it "will require a stronger wiad to move them and 
arraage ihem definitely ; but when so arranged, tbey will re- 
tain tiieir posrtdon ; and should a gentle breeze Bprisg up ia 
another direction, it will not alter tlieir position, but will it- 
self bo definitely deflected. Sbotdd the conditions of force 
and stability be intermediate, both the breeze and the vaaea 
will be elighfly deflected ; or, if there be no breeze, and the 
spindles be all moved in any direction, preserving their linear 
relation, they will themselves create a breeze. Thoa it is 
with the molecules of hard iron or steel in permanent mag- 
nets ; they arc polarised ■with greater diifieulty, but, when ao 
polarised, they cannot be affected by a feeble current of elec- 
tricity. Again, if the magnets be moved, they thoinselyes 
ori^oato a e«rrent of electricity ; and, lastly, the magnetic 
polarily and the electric current may be both naatualiy af- 
fected, if tiie degrees of motion and stability be iatermediate. 

The above iuatance will, of course, be taken only aa an 
approximation, aad not as binding mo to aay closer analogy 
than is generally expected of a mechanic^ ilinstration. It 
is difficult to convey by words a definite idea of the dual or 
antithetic charaeter of force involved in the term polarity. 
The illustration X have employed may, I hope, somewhat aid 
in elneidating the manner in which maguetisni aeta on. the 
other dynamic forces ; i, e., definitely directing them, but not 
initiating thorn, except while in motion. 

Magnets being moved in the direction of lines, joining 
their poles, pi'oduce electrical currents in such neighbouring 
bodies aa are eondnctore of electricity, in direrf.ions trans- 
verse to the line of motion ; and if the direction of motion 
or the position of the magnetic poles be revereed, tba current 
of electricity flows in a reverse direction. So if tlie magnet 
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ho stationaiy, conductiDg bodies moved aei-oss any of the 
linca of magnetic force, i. e. lines in the direction of whieh 
tlie mutual actios of the poles of the magaet would place 
minuto portions of iron, hava curreiifs of electricity devel- 
oped in them, the directaoB of which is dependent upon that 
of the motion of the substance with reference to tlic magnetic 
poles. Thus, as bodies affected by an electrical current are 
definitely moved by a magnet in proximity to them, so con- 
versely bodlss moved near a magnet have an electrical cur- 
rent developed in them. Magnetism can, then, through the 
meilium of electricity, produce 7ieat, light, and ckeimcal affiiv- 
ity. Motion it can directly produce under the above eondi- 
tiona ; i. e. a magnet being itself moved will move other fer- 
reous bodies : these wiU acquire a static condition of equilib- 
rium, and be again moved when the magnet is also moved. 
By motion or arrested motion only, could the phenomena of 
magnetigm ever have become known to us. A magnet, how- 
ever powerful, might rest for ever unnoticed smd unknown, 
unless it were moved near to iron, or iron moved near to it, 
so as to come within the sphere of its attraction. 

But even with other than either magnetic or electrified 
substances, all bodies will be moved when placed near the 
poles of very powerful magnets — some taking a position as> 
ially, or in the line from pole to polo of the magnet ; othe:ra 
eqnatorially, or in a direction transverse to tliat line — the 
former being attracted, tlio latter appaj'cntly repelled, by the 
poles of the magnet. These effects, according to the views 
of Fai-aday, show a generic difference between the two 
classes of bodies, magnetics and dianit^neties ; according to 
others, a difference of degree or a resnitant of magnetie a«- 
tioQ ; the less magaefae substance being forced into a trans- 
verse position by tiie ma^etisation of tlie more magnetic 
medium which surrounds it. 

According to the view given above, magnetism may be 
produced by the other forces, just as the vanes in the instance 
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^ven are definitely deflected, but cannot piodiice tliem except 
when in motion : motion, therefore, ia to bu legarded in thia 
case as the initiatipe force. Magnetism will, however, di- 
rectly affect the otlier forces — light, heat, and cheiaieal aflin- 
ity, and change their direction or mode of action, or, at all 
events, will so affect matter subjected to Iheso forces, that 
their direction ia changed. Since these lectiues weje deliv- 
ered, Faraday has discovered a remarkable effect of the mag- 
netic force in occasioning the dcSection of a ray of polarised 
light. 

If a ray of polarised light pass through water, or through 
any transparent liquid or solid which does not alter or turn 
aside the plane of polarisation, and the column, say of water, 
through which it passes be subjected to the action of a pow- 
erful magnet, the lino of magnetic force, or that whiel^would 
unite the poles of the magnet, being in the same direction as 
lie ray of polarised light, the water acquires, with reference 
to the light, similar, though not quite identical, properties to 
oil of turpentine — the plane of polarisation is rotated, and 
the direction of this rotation ia changed by changing the di- 
rection of the magaetic force : thus, if we suppose a polar- 
ised ray to pass first in its course the north pole of tlie mag- 
net, then between that and tlie south, pole it will be deflected, 
or curved to the right ; while if it meets the south pole first 
in its course, it wiU, in its journey between tliat and the north 
pole, be turned to the left. If the substance through which 
the ray ia trassmitted be of itself capable of deflecting the 
plane of polarisation, as, for instance, oil of turpentine, tiien 
the magnetic influence will increase or diminish tiiia rotation, 
according to its direction. A similar effect to this is observed 
■with polarised heat wheo the raedinm through which it ia 
tRinsmitted is subjected to magnetic influence, 

Whether this effect of magnetism is rightly termed an ef- 
fect upon light and heat, or is a molecular diange of the maf;- 
ter transmitting the light and heat, is a question tJie resolu- 
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tion of which must ho left to the fttture ; at praspnt, the ru- 
swer to it would depend upon tiie theory we adopt. If ths 
view of light and heat which I have elated be adopted, then 
we may feirly say that magnatism, in these experimeiitaj di- 
rectly affeeta the other forces ; for light and heat being, ac- 
cording to that view, motions of ordinary matter, magnetism, 
in affecting these movementa, aiFecta the forces which occa- 
sion thom. If, however, the other theories be adhered to, it 
would be more consistent with the facts to view these results 
as exhibiting an action upon the matter itself, and the heat 
and light as BccondarLly affected, 

When substances are tmdergomg chemical changes, and a 
magnet is brought near them, the directioa or linos of action 
of the chemical force wiU.be changed. There are many old 
experiments which probably depended on this effect, but 
which were orroneossly considered to prove that pemiaueut 
magnetism could produce or iacrease chemical action : these 
have recently been extended and explained by Mr. Hant and 
Mr. Wartmann, and are sow better miderstood. 

Tlie above cases are applicable to the subject of tlie pres- 
ent Essay, inasmuch as they show a rtlation to exist between 
magnetic aad tlie other forces, which relation is, in bU probft- 
biljty, reciprocal ; but m these cases there is not a production 
of light, heat, or chemical affinity, by magnetism, but a change 
in their direction or mode of action. 

There is, however, that which may be viewed as a dy- 
namic condition of magseiism; i, e. its oondiiioa at tlie com- 
mencement and the temunation, or duxiog the increment or 
decrement of its development. "While^iron ov steel is being 
rendered magnetic, and as it progresses from its noa-magaetic 
to its maximum magnetic statfi,pr EQcedes from its maximum 
to Mro, it exhibits a dynamic force ; the molecnies are, it 
may bo inferred, in motion. Similar effects can thea be pro- 
duced to those which are produced by a magnet whilst m iisso- 
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An axperiment ■wHch I published in 1845 tends, I think, 
to illustrate this, and in some degree to show the character 
of tJie motion impressed upon the molectdes of a magaelie 
metal at the period of magnetiaation. A tnbe flUed with the 
liquid in which magnetic oxide of ii'os liad been prepared, 
and terminated at each end ty plates of glass, is surronaded 
by a coil of coated ■wire. To a spectator looking throngh this 
tube a flash of light is perceptible whenever the coil is elec- 
trised, and leas light is transmiftad when the electrical current 
ceases, showing a symmetrical arrangement of tte minuto 
particles of magnetic oxide while nnder the magnetic in- 
fluence. 

In tliia experiment it should be home in mind, that the 
particles of oxide of iron are not shaped by the hand of man, 
as would bo the ease with iron filings, or similar minute por- 
tions of magnetic matter, but heiug chemically precipitated, 
are of tho form gives to them by nature, 

"While magnefem is in the state of change above described, 
it will produce the other forces ; but it may be said, -while 
magnetism is thoa progressive, some other force is acting oh 
it, and thereftire it does not initiate : thia is tme, but the 
same may be said of all the other forces ; they have no com- 
mencemeat that we can trace. "We mnst ever refer them 
back to some antecedent force equal in amount to that pro- 
duced, and therefore the word initiation cannot in strictness 
apply, but must only be taken as signifying the force seiocfed 
as the first ; this is another reason why the idea of abstract 
causation is inapplicable to physical produdim. To thia 
point I ahall again advert. 

Electricity may thus be prodaced dLccetly by magnetism, 
either when the mf^et as a mass is in motion, or when its 
magnetism is commencing, increasing, decreasing, or ce^ng ; 
and heat may similarly be directly produced by magnetism, 
I have, since the first edition of this Essay was published, 
communicated tc tho Eoyal Society a paper by which I think 
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IliavesatisfiLctorilyproved, iJiat ■wheneYsi; any metal suscepti- 
ble of magnetism is magnetised or demagnetised, its t^mpera- 
tere is raised. This was sliowa, lirat, by subjecting a bar of 
iron, aickel, or cobalt to the influence of a poworfui electro- 
magnet, which ivaa rapidly magneliaed and demagnetised in 
reverse directions, ihe eiectro-magaet itseF being kept cool fej 
cisterns of water, so that the magnetic metal subjected to the 
influence of magnetism was raised to a higher temperature 
than the electro-magnet itself, and could not, therefore, have 
acquired its increased temperature by conduction or radiatioa 
of heat from the electro-magnet ; and secondly, by i-otatiag 
a permanent steel magnet with its pole opposite to 8 bar 
of iron, a thermo-electric pile being placed opposite tlie 
latter. 

Dr. Maggi covered a plate of homogeneons soft iron with 
a thin coating of wax mixed with oil, a tube traversed the 
centre through which the vapour of boiling water wag passed. 
The plate was made to rest on the poles of an electro-magnet, 
■with card interposed. "Wlien the iron is not magnetised, tJxo 
melted was assumes a cireular form, the tube occupying the 
centiijbut when the electro-magnet is put in action, the curve 
markingtheboundaTyof the melted substance changes its form 
and becomes elongated in a direction transverse t« the line 
]ommg tlie poles, showing that the conducting power of the 
iron for heat is changed by magnetisalion. 

Thus we get heat produced by magnetism and the condtic- 
tion of heat altered by it in a direction having a definite rela- 
tion to the direction of the magnetism. Is it aeceasary to 
call m aid ether or the substance ' caloric' to explain these 
remltoi' is it not more rational to regard the calorific effects 
as changci in the molecular arrangements of the matter sub- 
jeitod to magnetism? 

There ia every probability that magnetism, in the dyna- 
mic state, either wbeQ the magnet is in motion, or when the 
mognetie mtensiiy is varying, will olso directly produce chemi- 
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cal affinity and light, tiiougli, up to the present time, such has 
not been proved to he tha case ; the reciprocal effect, also, of 
flia direct prodoction of magnetiHm by light and lieat has not 
yet been experimentally established. 

I have used, in contradistinctioa, the terms dynamic and 
static to represent the difFeraat states of magnetism. The 
applications I have made of these terms may he open to some 
exception, hat I know of no other words ■whicl* frill so nearly 
express my meaning. 

The static condition of raagneliBm resemble (he static 
condition of ofher forces : such as the state of tension exists 
ing in the beam and a cord of a balance, or in a charged 
Leyden phial. The old definition of force was, that which 
caused change in motion ; and yet evea this definition pre- 
sents a difficulty.: fa a case of static equilibrium, such, for 
instance, as tliat which obtains in the two arms of a balance, 
we get the idea of force without any palpable apparent motion : 
whether there be really an absence of motion may be a doubt- 
fnl qnestion, as such absence would involve in this case per- 
fect elasticity, and, in all other cf^es, a stability which, in a 
long courae of time, nature generally negatives, showing, as 
I believe, an iuBopaiable eonaectioa of motion wi^ matter, 
and an impossibility of a perfectly immobile or durable state. 
So with magnetism : I believe no magnet can exist in an 
absolutely stable state, though the duration of its stability 
wilE be proportionate to its original resistance to a-anmin!? 
a polarised condition. This, however, must be taken merely 
as a matter of opinion : we have, is support of it, the geaeial 
facts that magnets do deteriorate in the course of years ; and 
we have the further general &ct of the instability, or Suxional 
state, of all nature, when we have an opportunity of fairly 
investigating it at different and remote periods ; in many 
caaes, however, the action is so slow tliat the changes escape 
human observation, and, until tlsis can he brought to bear 
over a proportionate period of time, the proposition cannot he 
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said to be experimenWly or induetlTely proved, but must- "be 
loft to the meatal convictioa of those wlio examine it hy the 
light of aiteady acknowledged facta. 

AH cases of static force present tlie same itifflciilty ; tliua, 
two BprmgB pressing agaiast each other would Le said to be 
exercising force ; and yet there is no resulting uction, ao heat, 
no light, &c. 

So if gas be compressed by a piston, et the time of 
pressioa heat is given off; bat when this is abstracted, 
alfliOQgh the pressure continues, no further heat is eliminated. 
Thus, by an equilibrium produced by opposing forces, motion 
is locked up, or in abeyance, as it were, and may be again 
developed wlien the forces are relievod from the tession. 
But in the first instance, in prod\icing the atato of tension, 
force has to be employed ; and as we have said in treating of 
maelianical force, so mth the other forces the original diange 
which disturbs equilibrium prodiMWiS other changes whidi go 
on without end. Thus, by the act of charging a Leydes 
pHal, tiie cyUuder, the rubber, and the adjoining portions of 
tlio electrical machine have each and all their atatea changed, 
and thoHcs produce changes in surrounding bodies ad mfim- 
twm ; when the jar is discharged, converse changes are again 
produced. 

As with lieat, light, and electricity, the daily aecumulating 
observations tend to show that each change in the phenomena 
to which these names are given is aecompanied-by a change 
eitlior temporary or permanent in the matter tweeted by Uiem ; 
ao many re»Mnt esperinients on magnetism have connected 
magnetic phenomena with a molecular change in the subject 
naatter. Thus M, Wertheim has shown that the elasticity of 
iron and steel is altered by magnetifiation ; the co-*ffideat of 
elasticity in iron heing temporarily, in steel permanently 
diminished. " 

He has also examined the effects of torsion upon magnet- 
ised iron, and concludes, from his espenmcnts, that in a bar 
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of iron airiYcd at a state of magnetic equilibrium, temporary 
torsion diminishes the magnetism, and that the nntwiating oi 
return to its primitive state restores the original degree ol 



M. Guillemin observed that a bar slightly curved by its 
own weight ia straightened by being magnetised. Mr. Page 
and Mr. Marrion discovered that a sound ia emitted when 
iron or steel is rapidly magnetised or demagnetised ; and Mi'. 
Joule found that a bar of iron is slightly elongated by mag- 



Again, with regard to diamagnetic bodies, M. Matteucci 
found that tlie mechanical compression of glass altered the 
rotatory power upon a ray of polarised light which it trans- 
miffed. He further considered that a change took place in 
tlie temper of portions of glass which he submitted to the in- 
fluence of powerful magnets. 

The same argmnents which have been submitted to 
the reader as to the other affections of matter being modes 
of molecular motion, are therefore equally applicable fo mag- 
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/"-fHEMICAL AFFINITY, or the force by wHch dissimi- 
\_y !ar bodies temi to unite and form compounds differing 
generally in cliaracter iioni their constituents, is that mode of 
force of which the human mind has hitherto formed the least 
definite idea. The word itself — affinity — ^is ill chosen, its 
meaning, in this instanee, bearing no analogy to its ordinaiy 
sense ■ and the mode of its «wrtion is conveyed bj' certain con 
ventional ex[ ess ons no lyna nic theo ■} of t n o b of 
atten on ba ng been Ipl Isaono mobfie^ and 
■il e be ha ic e of ma e tba he ch. n es t n 
daces have a qn e 1 o pe haps e y logi ally gener c 
con r dist n on f om o he m e 1 h n s nd e 
h. s se <i con ad s ng hed the rm [ h cal and 
bemi al 

Tl e m n 1 nc on ttve n hem 1 ffin and j hy 
cal attraction or aggregation, is the diflerence of char'xcter of 
the chemical eompoiuid from its components This ii, how- 
ever, but a vague line of demarciUf n , m man^ case?, v\hich 
would be classed by all as chemical actions, the change of 
character ia but slight ; in others, as in the effects of neutrali- 
sation, the difference of character would be a result which 
would equally follow from physical attraction ot dissimilar 
Bubstances, the previous characters of the constitueni'' depend- 
ing upon this veiy attraction or affinity ; thus an acid coiiode? 
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because it tends to unite ■with auother body ; Tvlien united, 
its corrosive power, i. e. its tendency to unite, being satiated, 
it cannot, bo to speak, be further attracted, and it necessarily 
loses its corrosive power. But there are other cases where 
no such resull could d, p-iori be anticipated, aa where the 
attraction or combining tendency of the compound is higher 
than that of its constituents : thus, who could, hy physical 
reasoning, anticipate a sub'itance like nitric acid from the 
combination of nitrogen and oxygen? 

The nearest approach, perhaps, that we can form to a 
comprehension of chemical action, is by regarding it (vaguely 
perliaps) as a molecular attraction or motion. It will 
dii-ectly produce moHon of definite masses, by the resultant 
of the molecular changes it induces ; thus, tlie projectile 
effects of gunpowder may be cited as familiar instances of 
motion produced by chemical action. It may be a question 
whether, in this c^«e, the force which occasions the motion 
of the mass is a conversion of the force of chemical affinity, 
or whether it is not, rather, a liberation of other forces exist- 
ing in a state of static equihbrium, and having been brought 
into such state by previous chemical actions ; bat, at all 
events, through the medium of electricity chemical affinity 
may be directly and quantitatively converted into the other 
modes of force. By chemical affinity, then, we can i^rectly 
produce electricity; this latter force was, indeed, said by 
Davy to he chemical affinity acting on masses : it appears, 
rather, to be chemical affinity acting in a definite direction 
through a chain of particles ; but by no definition can the 
esact relation of chemical affinity and electricity he expressed ; 
for the latter, however closely related to tlie former, yet exists 
where the former does not, as in a metallic wire, which when 
electrified, or conducting electricity, ia, nevertheless, not 
chemically altered, or, at least, not known to be chemically 
;;l-eied. 

Volta, the antitype of Prometheus, first enabled us de' 
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finitely to relate the forces of ehemistiy and electricity. 
Wlien two diasimikr metals ia contact ai-e immersed in a 
liquid belonging to a certain daes, and capable of acting 
chemically on oae of them, what is termed a voltaic circuit is . 
form.ed, and, by the chemical action, that peculiar mode of 
force called an electric current ia generated, which circulates 
from metal to metal, across the Kquid, and through the points 
of contact. 

Let lis take, as an instance of the conversion of chemical 
force into electrical, the following, which I made known some 
years ago. If gold be immersed in hydrochloric acid, no 
chemical action takes place. If gold fee immersed in nitric 
acid, no chemical action takes place ; but mix the two acids, 
and the immersed gold is chemically attacked and dissolved : 
thisanisordinarychemicalaction, the result of a double chemi- 
.cal affinity. In hydrochloric acid, which is composed of 
chlorine and hydrogen, the affinity of chlorine for gold being 
less than its afBnity for hydrogen, no change takes place ; biit 
when the nitric acid ie added, this latter containing a great 
quantity of oxygen in a state of feeble combination, the 
affinity of oxygen for hydrogen opposes that of hydrogen for 
chlorine, and then the afSoity of the latter for gold is enabled 
to act, the gold combines with the chloime and ehloiide of 
gold remains in solntion in the liqwid Now m oider to 
exliibit this ' chemical force in the form of electrical foice, 
instead of mixing the liquids, place them m separate vessels 
or compartments, but so that they may be m contact, which 
maybe effected by having a porous mateual, such is un- 
glazed porcelain, amianthus, fee, between them Immei'-e m 
each of these liquids a strip or wire of gold as lon^' as these 
pieces of gold remain separated, no chemieil oi electing 
effect takes place; but the instant they ire bioughf into 
metallic contact, either immediately or by connecting each 
with the same metallic wire, chemical action t ikej place — 
the gold in the hydrochloric acid is dissolved, electiical ■iction 
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also takes place, the nitric acid is deoxidised by the ti-ans- 
ferred hydrogen, and a cnirent of electricity may he detected 
in the metals or connecting metal by the application of a gal 
vanometer or any instrument appropriate for detecting such 

There are few, if any, chemical actions which cannot be 
experimentally made to prodnce electricity : the oxidation of 
metals, the burning of combustibles, the combination of osy 
gen and hydrogen, &c,, may all be made sources of elec 
fcricity. The conamon mode in whicb tlie electricity of the 
voltaic battery is generated is by the chemical action of water 
upon zinc ; this action is increased by adding certain acids to 
the water, which enable it to act more powerfully upon the 
zinc, or in some cases act themselves upon it ; and one of the 
most powerfiil chemical actions known — that of nitric acid 
upon oxidable metals — is that which produces the most pow- 
erful voltaic battery, a combination which I made known in 
the year 1839 : indeed, we may safely say, that ivhen the 
chemical force is utilised, or not wasted, but all converted into 
electrical force, the more powerful the chemical action, the 
more powerfiil is the electrical action which results. 

If, instead of employing manufactured products or educfs, 
such as aiflc and acids, we could realise as elecstrieity the 
whole of the chemical force which is active in the combustion 
of cheap and abundant raw materials, such as coal, wood, fat, 
&c., with air or water, we should obtain one of the greatest 
practical desiderata, and have at oui- command a mechanical 
power in every respect superior in its applicability to the 
steam engine.' 

I have shown that the flame of the common blowpipe gives 
riae to a very marked electrical current, capable not only of 
affecting the galvanometer, but of producing chemical decom- 
position ; two plates or coUs of platinum are placed, the one 
in tlie portion of the flame near tJie orifice of the jet, or at 
the points where combv^stion commences, the other in the full 
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yelloiy flame where combustion ia at its masimum ; this latter 
should he kept eool, to enable a tliermo-electric cun-ent, which 
is produced by the different temperature of the platinum 
plates, to co-operate with the flame current ; wires attached 
to the plates of platinum, form the terminals or poles. By a 
row of jets a flame battery may be formed, yielding increased 
effects ; but in these experiments, fliough theoretically inter- 
esting, so small a fraction of the power, actually at work in 
the combustion, has been thrown into an electrical form, that 
there is no immediate promise of a practical result. 

The quantity of the electrical ciurent, as measured by the 
quantity of matter it acts upon in its different phenomenal 
effects, is proportionate to the quantity of chemical action 
which generated it ; and its intensity, or pow'er of overcoming 
resistance, is also proportionate to the intensity of chemical 
afflnily when a single voltaic pair is employed,'or to the num- 
ber of reduplications when the well-known instrument called 
the voltaic battery is used. 

The mode in which the voltaic current is increased in in- 
t«nsity by these reduplications, is in itself a striking instance 
of the mutual relations and dynamic analogies of different 
forces. Let a plate of aine or other metal possessing a strong 
affinity for oxygen, and another of platinum or other metal 
possessing little or no aflinity for osygen, be partially im- 
mersed in a vessel. A, containing dilute nitric acid, but not 
in contact with each other ; let platinum wires touching each 
of these plates have their extremities immersed in another 
vessel, B, containing also dilute nitric acid : as the acid in 
vessel A is decomposed, by the chemical affinity of the zinc 
for the osygen of tlie acid, the acid in vessel B is also decom- 
posed, oxygen appearing at the extremity of the wire which 
is connected with the platinum : the chemical power is con- 
veyed or transferred through the wires, and, abstracting cer- 
tain local effects, for every unit of oxygen which combines 
with the zinc in the one vessel, a unit of oxygen is evolved 
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tiom t) e platiaum wjie m the itliei The platiaum wire ia 
ihm, till OT\!i into 1 conditioa analogous to zinc, or has a pow 
ei given to it of determining the oxyfjen of the liquid to its 
suiface, though it cannot, a? ib the case with zinc, com 
bme with it under iimilai circum&tances. If we now auhsti 
tnte for the platinnm wue which wis connected with the 
platmnm plate a zmc wire, wc have m addition to the deler- 
mming tendencj by which tlie platinum waa affected, the 
chi-mical afiinit y of the ox\ gen la vessel B for the ainc wire 
thus we havL, added to the force which waa originally pro- 
duced b'^.the zmc f f the ctmbmatijn m vessel A, a second 
force, pioduced Ij the zinc in vessel B, co-operating with the 
first ; two pairs of zinc and platinnm thus connected produce, 
tlierefore, a more intense effect than one pair ; and if we go 
on adding to these alternations of ziae, platinum, and liquid, 
we obtain an indefinite exaltation of chemical power, just as 
in meclianics we obtain accelerated motion by adding fresh 
impulsea to motion already generated. 

The same rule of proportion which holds good in chemi- 
cal combinations also ohtains in electrical effects, wien these 
are produced by chemical actions. Dalton and others proved 
that the constituents of a vast number of compound substances 
always bore a definite quantitative relation to each other : 
thus, water, which consists of one part by weight of hydro- 
gen united to eight parts of oxygen, cannot be formed by the 
same elements in any other than these proportions ; you can 
neither add to nor subtract from the normal ratio of the 
elements, without entirely attcring the nature of the com- 
pound. Further, if any element be selected as uniiy, the 
combining ratios of other elements wiU. bear an invariable 
quantitative relation to that and to each other : thus if hydro- 
gen be chosen as 1, oxygen will he 8, chlorine will be 36 ; 
that is, oxygen will unite with hydrogen in the proportion of 
8 parts by weight to 1, while chlorine will unite with hydro- 
gen in tiie proportion of 36 to 1, or with oxygen in the pro- 
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portion of 38 to 8. Numbers expressing their comliimiig 
weiglits, wMch are tbws relative, not absolute, may by a c«n- 
veational assent as to the poiat of imity, be fixed for all chemi- 
cal reagents ; and, when so fixed, it will be fouad that bodies, 
at least in inorgaaic compounds, generally unite in those pro- 
portions, or in simple multiples of them : tlieae proportions 
are termed Equivalents. 

How a Toltaic battery, which consists asaally of altemar 
tioas of two metaJS) and a hqaid capable of actiag chemically 
upon one of them, has, as we have seen, the power of pro- 
ducing chemical action in a, liquid eoaaeeted with it Jjy metals 
upon which this Hquid is incapable of acting : in such case the 
constitneats of the liquid will be eliminated at the surfaces of 
the immersed metals, and at a distance one. from the other. 
For example, if the two platinum termiaals of a volfcuc 
battery he immersed ia water, oxygea will be evolved at oae 
and hydi-ogen at the other terjniaal, exactly in tie propor- 
tioas in which they form water ; while, to the most minute 
Bxamiaatioa, no action is perceptible in the stratum of 
liquid. It was known before Faraday's time that, wliile this 
chemical action was going on in the subjected liquid, a chemi- 
cal action was going on in the cells of the voltaic battery ; 
but it was scarcely if at all known that the amount of chemi- 
cal action in the one bore a constant relation to the amount 
of action in the other. Faraday proved that it bore a direct 
eqaivaleut relation ; that is, supposing the battery to be 
formed of zinc, platinum, and water, the amount of oxygen 
which united with the zinc in each cell of the battery was 
exactly equal to the amount evolved at the one platinum ter- 
minal, while the hydrogen evolved from each platinum plate 
of the battery was equal to the hydrogen evolved from the 
other platinum terminal. 

Supposing the battery to be charged with hydrochloi-ic 
iicid, instead of water, while the terminals are separated by 
water, then for every 36 parte by weight of chlorine which 
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miited with each plate of zinc, eight parts of oxygen -would 
be evolved from one of the platinMm terminals : that is, the 
weights would be precisely in the same relation -which Dalton 
proved to exist in their chemical combining -weights. This 
may be extended to all liquids capable of being decomposed 
by the voltaic force, thence called Electrol/ytes : and as no vol- 
taic effect is produced by liquids incapable of being thus de- 
composed, it follows that voltaic action is chemical action tai- 
iag place at a distaace, or transferred through a chain of 
media, and that the chemical equivalent numbers are the ex- 
ponents of the amount of voltaic action for con-esponding 
chemical substaaces. 

As heat, light, magnetism, or motion, can be produced by 
the requisite application of the electric curreat, aad as this is 
definitely produced by chemical action, we get these forces 
very definitely, thoxigh not immediately, prodneed by chemi- 
cal action. Let us, however, here enquire, as we have al- 
ready done -with respect to tlie otber forces, how far otlier 
forces may directly emanate from chemical affinity, 

Seat ]s an inamediate product of chemical affinity. I 
know of no exception to the general proposition that all bod- 
ies in chemically combining produce heat; i, e. if solu- 
tion be not considered as chemical action, and even in that 
ease, when cold results, it is from a change of consistence, as 
from the solid to the liquid state, aad not from chemical 
action. 

We shall find that the saine view of Qas expenditure of 
force whicb we have considered in treating of latent heat 
holds good as to the expenditure of chemical force when re- 
garded with reference to the amount of heat or i-epulsive 
force which it engenders, the chemical force being here ex- 
hausted by chemical expansion — ^that is, by heat. Thus, in 
the chemical action of the ordinary combustion of coal and 
oxygea, the expenditure of fuel will be in proportion to die 
expansibility of the sutetancos heated ; water passing freely 
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lato the Bteam. will consume more fuel than if it be confinecl 
and kept at a temperatnre above its boiling point. 

Why chemical action, produces heat, or what is the action 
of tlie molecules of matter when chemically ttoiting-, la a 
question upon which many theories have been proposed and 
which may possibly be never more than approximately re- 
solved. 

Some atithors explain it by the condensation which takes 
place ; but this will not acconnt for the manyiastances where, 
from the liberation of gases, a great increase of Yolume en- 
sues upon chemical combustion, eis in the familiar instance 
of the explosion of gimpowder : others explain it as resulting 
from the imion of atmospheres of positive and negative elec- 
tricity which are assumed to surround the atoms of bodies ; 
but this involves hypothesin upon hypothesis. Dr. "Wood has 
lately thrown out a view of the heatof chemical action which 
is more in accordance with a dynamic theory of heat, aad 
as such demands some notice. Starting with his proposition, 
which I have previously mentioned, ' that the nearer the par- 
ticles of bodies are to each other the less they require to 
move to produce a given motion in the particles of another 
body,' his argaraent, if I rightly understand it, assmnes some- 
thing of this form. 

In the mechanical approximation of the particles of » 
homogeneous body heat results ; the particles a a of the body 
A would, hy their approximation, produce expansion in the 
neighbouring body B, the more so in proportion as they them- 
selves were previously nearer to each other. In i hemicaUy 
combining, a a the particles of A are brought into very closa 
proximity with h 6 the particles of B ; heat should theiefore 
result, and the greater because the proximity may fairly be 
assumed to be greater in the case of chemical combination 
than iu that of mechanical compression. In cases, then, 
where there is no absolute diminution of bulk ensuing on 
chemical combination, if the greater proximity of the com- 
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billing pai'ticles be such that the correlative expansion ought 
to be greater (if there were no chemical combination) than 
that occupied by the total volume of the new compound, an 
extra expanding power is evolved, and heat or expansion 
ought to be produced in surrotinding bodies. In other words, 
ilaa could be brought by physical attraction as near each 
other as (hey ore by chemical attraction brought near to b b, 
they would, from their increased proximity, produce an ex- 
pansive power idtra the volume occupied by the actual chem- 
ical compound A and B. The question, however, immedi- 
ately occurs, why shoidd the volume of the compound be lim- 
ited and not occupy the fidl space equivalent fo the expanding 
power induced by the contraction or approximation of the 
particles. As the distance of the particles is the re&ultant 
of the contending contracting and expanding powers, this 
result ought to express itaeF in terma of the actual volume 
produced by the combination, which it eeifainly does not. 

Though I see some difficulties in Dr. Wood's theory, and 
perhaps have not rightly conceived it. Lis views have to my 
mind great interest, his mode of regarding natural phenomena 
being analogous to that which I have in this Essay, and for 
many years, advocated, viz. to divest physical science as 
much as possible of hypothetic fluids, ethers, latent entities, 
occult qualities, &c. My own notion of the beat produced 
by chemical combination, though I scarcely dave venture an 
opinion upon a subject so controverted, is, that it is analogous 
to the heat of friction, that the particles of matter in close 
approximation and rapid motion inter se evolve heat as a con- 
tinuation of the motion interrupted by the friction or intesti- 
nal motion of the particles: heat would thus be produced, 
whether the resulting compound were of greater or less bulk 
than the sum of the components, though of course when the 
compound is of greater bulk less heat would he apparent in 
neighbouring bodies, the expansion talking place in one of the 
Buhstances themselves — I say in one of them, for it is stated 
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in Ijooka of authority that there is no instance of two or mora 
solids or liquids, or a solid and a Kquid, comhining and pro- 
ducing a compound which is entirely gaseons at ordinary 
temperatures and pressures. The substance gun-cotton, how- 
ever, discoveredby Dr. Schoeabein, very nearly realises this 
proposition. 

Dr. Andrews has ai-rived at the conclusion, after careful 
experiment, that in chemical combinations where acids and 
alkalies or analogous substances are employed, tlie amount of 
heat produced is determined by the basic ingredient, and his 
experiments have received general Msent ; although it should 
be stated that M. Hess arrived at contrary results, the acid 
constituent according to his experiments furnishing tJie meas- 
ure of the heat developed. 

ii^Siis directlyprodueedby chemical action, aiS in the flash 
of gunpowder, the bui-ning of phosphorus in oxygen gas, and all 
rapid combustions : indeed, wherever intense heat is developed, 
light aceompaniea it. IJi many cases of slow combustion, 
suchas the pheaomeaaof phosphorescence, the Hght is apparent- 
ly nmch more intense than the heat ; the former being obvious, 
tlie latter so difficult of detectiou that for a long time it was 
a questioa whethei any heat was eliminated ; and I am not 
aware that at the pi esenf day, any thermic effects from cer- 
tain modes of phosphorescence, saeh as those of phospho- 
rescent wood, putrescent fish, &c., have been detected. 

Chemical action pioduces mojueiism whenever it is thrown 
into a definite direction, as in the phenomenon of electrolysis. 
I may adduce the gas voltaic battery, as presenting a simple 
instance of the direct production of magnetism by chemical 
synthesis. Oxygen and hydrogen in that combination chemi- 
cally unite ; but instead of combining by intimate molecular 
admixture, as in the ordinary cases, they act upon water, i. e. 
combined oxygen and hydrogen, placed between them so an 
to produce a line of chemical action ; and a magnet adjacent 
to this line of action is deflected, and places itself at right 
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angles to it. What a chain of molecules does here, there 
can be no doubt aU the molecules entering into combination 
would produce in ordinary chemical actions : but in such 
cases, the direction of the lines of combination being irregu- 
lar and conlhseii, there is no general resultant by which the 
magnet can be affected, 

What the exact nature of the transference of chemical 
power across an electrolyte is, we at present tnow not, nor 
can we form any more definite idea of it than tliat given by 
the theory of Grotthns. We hiwe no knowledge as to the 
exact nature of any mode of chemical action, and, for the 
present must leave it as an obscure acfi n f f f which 

future researches may simplify our appr Inn 

We have seen that an equivalent or p p rt n t 1 ctri- 
cal effect is produced by a given amount f h nu 1 a tion ; 
if we, in tara, produce heat and magnet m ap.d m t n by 
the electricity resulting from chemical act aw h 11 b able 
to measure these forces far more accurately than whea they 
are directly produced, and thus to deduce their equivalent re- 
lation to the initial chemical action. Thus M. Favi-e, aflor 
ascertaining the quantity of heat produced by the oxidation 
of a quantity of zinc, and finding, 8s have others, that the 
heat is the same when evolved fi'om a voltaic battery by the 
same consumption of zinc forming its positive element, malies 
the following experiment. 

A voltaic battery and electTO-magaet are immersed in cal- 
orimeters, and the heat produced when the connection with 
the magnet is effected is noted. 

The electro-magnet is then made to raise a weight, and 
thus perform mechanical wort, and the heat produced is 
again noted. It is found in the latter case tliat less heat is 
evolved than in the former, a certain quantity of heat has 
therefore been replaced by the mechanical work ; and by esti- 
mating the amount of heat subtracted, and the amount of 
work produced, he deduces the relative equivalent of work to 
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heat. These experiments give a production of nnecliatiical 
work hj chemical action, not, it is true, a dii-ect production, 
but, as the heat and work ai-e in inverse ratios, and each lias 
its Bource in chemical action, they prove that they are definite 
for a definite amount of chemical action, and as each is pro- 
duced respectively hy electricity and magnetism, these forces 
must also bear a definite relation to th.e initial chemical force. 

The doctrine of definite combining proportions, wMch so 
beautifully serves to relate chemistry to voltaic electricity, 
led to the atomic theoiy, whicli, though adopted in its univer- 
sality by a large majority of chemists, presents great ditficol- 
ties ■when extended to all chemical combinations. 

The equivalent ratios in wliich a gi-eat number of sub- 
stances chemically combine, hold good in so many instances, 
that the atomic doctrine is believed by many to be universally 
applicable, and called a law ; and yet, wlien foUowed in the 
combinationa of substances whose natural chemical attractions 
are very feeble, the relation fades away, and is sought to be 
recovered by applying a separate and arbitrary multiplier to 
the difierent constituents. 

Thus, when it was found that a vast number of substances 
combined in definite volumes amd weights, and in definite vol- 
umes and weights only, it was argued that their ultimate 
molecules or atoms had a definite size, as otherwise there 
was no apparent reason why this equivalent ratio should hold 
good; why, for instance, water should only be formed of two 
volumes or one unit by weight of hydrogen, and of one vol- 
ume or eight units by weight of oxygen ; why, unless ttere 
were some ultimate limits Ifl the divisibility of its molecules, 
should not water, or a fluid substance approximating to water 
in character, be formed by a half, a third, or a fentb part of 
hydrogen, with eight parts of oxygen? 

It was perfeelly consistent with the atomic view that a 
substance might be formed with one part combined with eight 
parts, or with sixteen, or with twenty-four, for in such a suli- 
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stance tliere would be no subdivision of the (supposed indivi- 
sible) molecule ; and this held good with many compouuda • 
thus fourteen parts by weight, say grains of nitrogen, will 
combine reapectiTely with eight, sixteen, twenty-four, thirty- 
t-wo, and forty parts by weight, or grains, of oxygen. 

So, again, twenty-seven grains of iron will combine with 
eight grains of oxygen or with twenty-four grains, i. e. three 
proportionals of oxygen. No compound ia known in which 
tvrenty-eeven grains of iron 'wHl combine with two propor- 
tionals or sixteen grains of o:^gen ; but this does not much 
affect the theory, as such a compound may be yet discovered, 
or there may be reasons at present untnown why it cannot be 
formed. 

But now comes a difficulty ; twcnTy-seven parts by weight 
of iron will combine with twelve parts by weight of oxygen, 
and twenty-seven parts of iron will also combine witn. ten 
and two-third parts of oxygen. Thus if we retain the unit 
of iron we nnist subdivide the unit of oxygen, or if we retain 
the unit of oxygen we must subdivide the unit of iron, or we 
must subdivide both by a different divisor. What then be- 
comes of tlie notion of an atom or molecule physically indi- 
visible? 

If iron were the only substance to which tliis difficulty 
applied, it might be viewed as an unexplained exception, or 
i^ a mixture of two oxides ; or recourse might be had to a 
more minute subdivision to form the units or equivalents of 
other substances ; but numerous other substances fall under 
a similar category ; and irt organic combinations, to preserve 
the atomic nomenclature we must apply a separate multiplier 
or divisor to far the gi-eater number of the elementary con- 
stituents, i. e. we must divide that which ia, ex hypothesi, indi- 
visible. 

Thus, to take a more complex substance than any formed 
by the combination of iron and oxygen, let us select the sub- 
stance albumen, composed of carbon, hydrogen, nitrogen, 
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oxygen, phosphorus, and eixlplmr. In tins case we mast ei- 
ther divide the atoms of phosphorus and sulphui- so as to re- 
duce them to small fraj^tions, or multiply the atoms of the 
other substances by extravagant numbers ; thus to preserve 
the unit of one of the constituents of this substance, eheniista 
say it is composed of 400 atoms of oai-bon, 310 of hydrogen, 
120 of oxygen, 50 of nitrogen, 2 of swlphur, and 1 of phos- 
phorus. This is a somewhat extreme ease, but similar difQ- 
cultiea will he found in different degrees to prevail among or- 
gann, comp junda , m very many no constituent can be taten 
as ^ unit to which simple mnltiples of any of the otheis will 
givt, then lelatne piopoitions By the mode of notation 
adopted it any conceivible substance be selected, it could, 
whateTei be the proportions of its uinstituenta be termed 
atomic A tokitun of an ounce of sugar m a pcund of wa- 
ter m a poimd and a half m a pound and a (^uiitei in a 
pound anl a ttmJi, might be espiessed in an •atomic foim, if 
we select arbitraiily a ntultipher or divisoi. 

It is true that in tlie case of solution, different proportions 
can be united np to the point of saturation without any dif- 
ference in tlie character of the compound, though the same 
may be predicated to some extent of an acid and an alkah , 
but even where the steps are sadden, and compounds cnly 
exist with definite propoi-tions, they cannot m a multitude ot 
cases, be reconciled with the true idea of an atonui, cambma 
tion, i. e. one to one, one to two, &c. 

Although, therefore, nature presents us with ficta i^hieh 
show that there is some restrictive law of combination which 
in numerot^ cases limits the ratios in which subbtances will 
combine, nay, fnrtLer, shows many insfTncea of a proportion 
between the combining weights of one compound and those 
of another ; although she shows also a lemoikal le simplicity 
in the combining volumes of numerous gites, she ilio gives 
numerous cases to which the doctrine of itonuc combm itions 
canaot fairly be applied. 
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That tlicrc must be sometliing in tlie constitution of mat- 
ter, or in the forces tvliieli act on it, to aecomit for tie jier 
saltum, manner in ■which chemical combinations take place, ia 
inevitable ; but the idea of atoms does not seem satisfactorily 
to accomit for it. 

By selecting a separate multiplier or divisor, chemists 
may denote every combination in terms derived from the 
atomic theory ; but they have pMsed from the original law, 
which contemplated only definite mnltiples, and the very hy- 
pothetic expressions of atoms, which the apparently simple 
relations of combining weights first led them to adopt, they 
are obliged to vary and to contradict in terms, by dividing 
that which their hypothesis and the expression of it assumed 
to be indivisible. 

While, therefore, I ftilly recognise a great natural tru^ 
in the definite ratios presented by a vast number of chemical 
combinations, aad in the f&r saMum steps in which neai-ly ail 
tate place, I cannot accept as an argument in favour of an 
atomic theory, those combinations "which are made to support 
it by the. application of an arbitrary notation. 

A similar straining of theory seems gradually obtaining 
in regard to the doctrine of compound radicals. The discov- 
ery of cyanogen by Gay-Lussac was probably the first in- 
ducecaeat to the doctrine of compound radicals ,' a doctrine 
which is now generally, perhaps too generally, received in 
organic chemistry. As, in the case of cyanogen, a body ob- 
viously compound discharged in almost all its reactions the 
fanctions of an element, so in many other cases it was found 
that compound bodies in which a great number of elements 
existed, might be regarded as binary combinations, by con- 
sidering certain groups of these elements as a compound rad- 
ical ; that is, as a simple body when treated of in relation to 
the other comples: siibstances of which it forms part, and 
only as non-elementary when referred to its internal consti- 
tutioE. 
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Undoubtedly, by approximating in theory the reactioaa of 
inorganic and of organic chemistry, by keeping the mind 
within the limitB of a beaten path, instead of allowing it to 
■wander through a maze of isolated facts, the doctrine of com- 
ponnd radicals has been of eervice ; but, on the other hand, 
the indefinite variety of changes which may be rung npon the 
composition of an organic substance, by different associations 
of its primary elements, makes the binary constituents vary 
as the minds of the authors who treat of them, and makes 
their grouping depend entirely upon the strength of the anal- 
ogies presented to each individual mind. From this cause, 
and from the extreme Hcen&e which has been taken in theo- 
retic groupings deduced from this doctrine, a serious question 
arises whether it may not ultimately, imless carefully re- 
stricted, produce confusion rather than simplicity, and be to 
the student an embarrassment rather than an assistance. 
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CATALYSIS, or the diemical action induced by tha 
mere presence of a foreign body, embraces a class of 
facta which must considerably modify many of our notions of 
eliemical action : thua oxygen and hydrogen, when mixed in 
a gaseous state, will j-emain unaltered for an indefinite pe- 
riod ; but the introduction to them of a slip of clean plati- 
num will cause more or less rapid combination, without being 
in itself in any respect altered. On the other hand, oxygen- 
af«d water, which is a compound of one eqaivalent of hydro- 
gen plus two of oxygen, will, when under a certain tempera^ 
ture, remain perfectly stable ; but touch it with platinum ia 
a state of minate division, and it is instantly decomposed, 
one equivftleat of oxygen being set free. Here, again, the 
platinum is unaltered, and thus we have synthesis and analy- 
sis effected apparently by the mere coutact of a fbreign body. 
It is not improbable that the increased electrolytic power of 
water by the addition of some acids, such as the sulphuric 
and phosphoric, where the acids themselves are not decom- 
posed, depends upon a catalyiic effect of these acids ; but we 
know too little of the nature and rationale of catalysis to ex- 
press any confident opinion on its modes of aetion, and pos- 
sibly we may comprehend very different molecular actions 
imder one and the some name. In no case does catalysis 
yield us new power or force : it only determines or facilit^ites 
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the action of ciemical force, and, therefore, is no creation of 
force by contact. 

The force so developed by catalysis may be converted 
into a voltaic form thus : ia a single pair of the gas battery 
above alluded to, ode portion of a strip of platinum is im- 
mersed in a tube of oxygen, the other in one of hydrogen, 
both the gases aad the estremities of the platimma being con- 
nected by water or other electrolyte ; a voltaic conahination 
is thas formed, and electricity, heat, light, magnetism, and 
motion, produced at the will of the experimenter. 

In this combination we liave a striking instance of cor- 
relative expansions and contractions, analogous, though in a 
much more refined form, to the expansions and contractions 
by heat and cold detailed in the early part of thia essay, and 
iUnstrated by the alternations of two bladders partially filled 
with air : thus, as by the effect of chemical combination in 
each pair of tubes of the gaa battery the gases oxygen and 
hydrogen lose their gaseous character and shrink into water, 
so at the platinum terminals of the battery, when immersed 
ia water, water is decomposed, and expaads into oxygen and 
hydrogen gases. The correlate of the force which changes 
gas into liquid at one point of space, changes liquid into gas 
at another, and the exact volume which disappears in the 
one place reappears in the other ; so that it would appear to - 
an inexperienced eye as though the gases passed through 

Gravitation, inertia, and aggregation, v/ore but cursorily 
alluded to in my original lectures ; their relation to the other 
modes of force seemed to be less definitely traceable ; hut the 
phenomenal effects of gravitation and inertia, being motion 
and resistance to motion, in considering motion I have in 
some degree included their relations to the other forces. 

To my mind gravitation would only produce other force 
when the motion caused by it ceases. Thus, if we suppose 
a meteor to be a mass rotating in an orbit roimd the earth, 
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and with ao resisting medium, then, as long as that rotation 
continues, the motion of the meteoric mass itself would be 
the exponent of the force impelling it ; if there be a resist- 
ing medium, part of this motion ■would be arrested and taken 
up by the medium, either as motion, heat, electricity, or some 
other mode of force ; if the meteor approach the earth suffi- 
ciently to fall upon it, the perceptible motioa of tfee meteof 
is afcppsd, but is taken up by the earth which ribratea 
through its mass ; part also reappears as heat in both esirth 
and meteor, and part in the change in the earth's position 
consequent on its increase of gravity, and so on. Gravitar 
tion is but the subjective idea, and its relation to other modes 
of force secma to me to be identical with that of pressure or 
motion. Thus, when arrested motion produces heat, it maf>- 
ters not whether the motion has been produced by a falling 
body, i. e. by gravitation, or a body projected by an explo- 
sive compound, &c. ; the heat -will be the same, provided the 
maas and velocity at the time of arrest be the same. In no 
other sense can I conceive a relation between gravitation and 
the other forces, and, with all diffidence, I cannot agree with 
those who seek a more mysterious link. 

MoBotti has mathematically treated of the identify of 
gravitation with coliesive attraction, aEd Pliicker has recently 
succeeded in showing that crystalline bodies are definitely aC 
fect«d by magnetism, and take a position in relation to the 
lines of magnetic force dependent upon theii' optical axis or 
axis of symmetry. 

What is termed the optic axis is a fixed dii'ection through 
crystals, in which they do not donbly refract light, and which 
direction, in those crystals which have one axis of figure, or 
a line aroaniJ which the figure is symmetrical, is parallel to 
the axis of symmoti-y. "When submitted to magnetic influ- 
ence such crystals take up a position, so that their optic asia 
points diamagnetically or transversely to the lines of magnetic 
force ; and when, as is the case in some crystals, there ia 
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more tlian one optic axia, the reaultant of these asies points 
diamagnetically. The mineral cyanite is influenced hj mag- 
Betism in so marked a manner that when suspended it 'will 
arrange itself definitely with reference to the direction of ter- 
restrial magnetism, and may, according to Plucker, be used 



There is scarcely any doubt that the force which is con- 
cerned ia aggregation is the same ■which gives to matter its 
crystalline form,; indeed, a vast number of inorganic bodies, 
if not all, which appear amorphous are, when closely exam- 
ined, found to be crystalline in their structure : we thus get a 
reciprocity of action between the force which unites the mole- 
cules of matter and the magnetic force, and through the me- 
dium of the latter the correlation of the attraction of aggre- 
gation with the other modes of force may be established. 

I believe that the same principles and mode of reasoning 
as liave been adopted in this essay might be applied to the 
organic as well as the inorganic world ; and that musciilar 
force, animal aad vegetable heat, &c,, might, and at some 
time win, be shown to have similar definite correlations ; but 1 
have purposely avoided this subject, as pertaining to a departs 
ment of science to which I have not devoted my attention. 
I ought, howe^ er, while alluding to this subject, shortly to 
mention some experiments of Profe'isop Matteucci, communi- 
Gaf«d to the Royal Society in the year 1850, by which it ap- 
pears that whatever mode of force it be which is propagated 
along the nervous filaments, this mode of force is definitely 
affected by currents of Klecti-icity. Hia experiments show 
that whea a current of positive electricity traverses a portion 
of the muscle of a living animal in the same direction as that 
in which the nei-ves ramify — i. e. a direction from the brain 
to the extremities — a muscular contraction is produced in the 
limb experimented on, showing that the nerve of motion ia 
affected ; while, if the current, as it is termed, be made to 
traverse the muscle in the reverse direction, or towards the 
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nervoua centres, the animal utters cries, and exhibits aU the 
indications of fcufferiug pain, scarcely any musciilar move- 
meat being produced ; sliowing that in Ihis case the nerrea 
of sensation are aflected by the electric cuiTCnt, and therefore 
that some definite polar condition exists, or is induced, in the 
nerres, to which elettricity la correlated, and that probably 
thig polar condition constitutes nervoiia agency. There are 
other analogies given m the papers of M. Matteueci, and de- 
rived from the action of the electrical organs of fishes, which 
tend to corroborate and develope the same view. 

By an appHfation of the doctrine of the Correlation of 
Forces, Dr. Carpenter has shown how a difficulty arising 
from the ordinary notions of the developement of an organised 
being from its germ-cell may be lessened. It has been 
thought hy many physiologists that the nisus foiTnaliima, or 
organising force of an animal or vegetable structure, lies dor- 
mant in the primordial germ-cell. ' So that the organising 
force required to build np an oak or a palm, an elephant or a 
whale, is concentrated in a minute particle only discemihle 
by microscopic aid,' 

Certain other views of nearly equal dif^culty have been 
propounded. Dr. Carpenter suggests the probability of ex- 
traneous forces, as heat, light, and chemical affinity, contiu- 
uously operating upon the material germ ; so that all that is 
required in this is a structure capable of receiving, directing, 
and converting these forces into those ■which tend to the assim- 
ilation of extraneous matter and the definite developement of 
the particular sti'ucture. In proof of this position he shows 
how dependent the process of germ developement is Tipon the 
presence and agency of external forces, particularly heat and 
light, and how it is regulated by the measure of these forces 
supplied to it. 

It certainly is far less difficult so to conceive the supply 
of foroe yidded to organised beings in their gradual process 
of growth, than to suppose a store of dormant or latent force 
pent up in a microscopic monad. 
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A& hy the aitifloial structure of a voltaic- fcattery, diemi- 
cal actions may be made to cooperate in a definite direction, 
so, by the organiam of a vegetable or animal, the mode of 
motion ivliich constitutes hea,t, light, &e., may, ■without extra- 
Yftoaace, be conceived to be appropriated and changed into 
the forces ivhlch induce the absorption, and assimilation of 
nutriment, and into nervous agency and muscular power. 
Indications of similar thoughts may be detected in the vmtings 
of Liebig. 

Some difficulty in studying the correlations of vital with 
inorganic physical forces arises fi-om tiie effects of sensation 
and consciousness, presenting a similar contusion to that 
alluded to, when, in treating of heat, I ventured to suggest, 
that observers are too apt to confound the sensations wiih. the 
phenomena. Thus, to apply some of the coasideratioiis on 
force, given in the introductory portion of this essay, to cases 
ivhere vitality or consciousnees int«rvene8. When a weight 
is raised by the hand, there should, according to the docti'ino 
of non-creation of force, have been somewhere an expenditure 
equivalent to the amount of gravitation overcome in raising 
the weight. That there is expenditure we can prove, though 
in the present state of science we cannot measure it. Thus, 
prolong the efibrt, raise weights for an hour or two, the vital 
powers sink, food, i. o. fesli chemical force, is reqnii'cd to 
sopply the exhaustion. If this supply is withheld and the 
exertion is continued, we see the consumption of force in 
the supervening weatness and emaciation of the body. 

The consciousness of effort, whidi has formed a topic of 
argument by some writers when treating of force, and is by 
them believed to be that which has originated the idea of 
force, may by the physical student be regarded as feeling is 
in the phenomena of heat and cold, viz. a sensation of tlie 
struggle of opposing molecular motions in overcoming the 
resistance of the masses to be moved. Wiien we say we feel 
hot, we feel cold, wc feel that we are exerting ourselves, our 
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espresaioua are intelligible to beinga wlio are capable of ex- 
periencing sirailap sensations ; bnt the physical changes 
accompanying these sensations are not thereby explained. 
"Withoat pretending to know wliat probably we ahaH never 
know, the actnal modus agendi of the brain, nerves, muscles, 
&c. , we may study vital as wo do inorganic phenomena, both by 
observation and experiment. Thus, Sir Benjamin Brodie has 
examined the effect of respiration on animal heat by inducing 
artificial respiration after the spinal cord lias been severed ; 
in which case he finds the animal heat declines, notwith- 
standing the continuance of the chemical action of respiration, 
carbonic acid being formed as usual ; hut he also finds that 
'under such circumstances tlie struggles or muscular actions 
of the animal ai-e very great, aaid sufficient probably to ac- 
count for the force ■ eliminated by the chemical action in 
digestion and respiration ; and Liebig, by measuring the 
amount of chemical action in digestion and respiration, -and 
comparing it with the labour performed, has to some extent 
established their equivalent relations. 

Mr. Helmholtz has found that the chemical changes which 
take place in muscles are greater when these are made to 
undergo contractions than when they are in repose ; and fiat, 
as would be expected, the consumption of the matter of the 
muscles, or, in other terms, the waste or excrementitious 
matter thrown off, is greater in the former than in the latter 

M. Mattened has ascertained that the muscles of recently 
kiUed frogs absorb oxygen and exhale carbonic acid, and that 
when they are thrown into a state of contraction, and still 
more when they perfoi-m mechanical work, the absorption is 
mcreased ; and he even calculates the equivalents of work so 
performed. 

M. Bedaid find'* that the quantity of heat produced by 
voluntary mu'scular contraction in man is greater when that 
contraction i-s what he terms static, that is, when it produces 
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no esLte inl iiori but la effoit alone fh-m ■nln.n that effort 
and contraction aie emploTed dynamically "o as to raise a 
■weight or pioduce mechamcal work 

Thus though we may 'lee no pieaent piomise of being 
able to lesoive ensations into then ultimate elements, or to 
ti'ace, physically, the Imk wliich unites vohtion with exertion 
or effort m eims of om own Cfnscioniae'fa of it, ive may 
hope to appicximate the solution of the^e deeply interesting 



In the same indindupl the chemical anl physical state of 
the secietions m the "narm mavhe compared with tliose ia 
the cold paits of the bodj The changes m digestion and 
- respiration, wien tae holy is m a state of rest may be com- 
pared "With those ■vshich obtain when it ifi in ■> &tpte of activity. 
The relataoQS wiih external matter, raaintammg, by the con- 
stant play of natural forces, the yital nucleus, or the organi- 
sation by naeana of which matter and force receive, for a 
deiimte period, a definite incorporation and direction, may be 
ascertained, while the more minute structural changes are 
revealed to «s by the ever-improving powers of the micro- 
scope ; and thus step by step we may iearn that which it ia 
given to us to leara, boundless in its range and infinite in its 
progress, and therefore never giving a response to the ultimate 
—Why? 

As the first glimpse of a new star is caught by the eye of 
the astronomer while directing his vision to a different point 
of space, and disappears when steadfastly gazed at, only to 
have its position and iigure ultimately, ascertained by the em- 
ployment of more penetrative powers, so the fii-st scintillations 
of new natural phenomena frequently present themselves to 
the eye of the observer, dimly seen when viewed askance, 
and disappearing if directly looked for. When new powers 
of thought and experiment have developed and corrected the 
first notions, and given a character to the new image, proba- 
bly very different from the first impression, fresh objects are 



...Coogic 



OTHER MODUS OF FORCE, 



177 



again glanced at in the margin of the new field of vision, 
which in their turn have to he vei'ified, and again lead to 
new extensions ; thus the effort to establish one observation 
leads to the imperfect perception of new and wider fields of 
research; and, instead of approaching finality, the more 
we discoTCt, the more infinite appears the range of the undis- 
d! 
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I HAVE now gone through the affections of matter for 
TYhich distinct names have been given in our reeeJYed 
nomcnelaUtre : that other forces may be detected, differing as 
much from them as they differ from each other, is highly 
probabie, and that when discoyered, and their modes of 
action fiiDy traced out, they will be found to be related inter 
se, and to tlxese forces as these are to each other, I believe 
to be as far certain as certainty can be predicted of any ftiture 

It may in many cases be a difficult question to determine 
what constitutes a distinct affection of matter or mode of 
force. It is highly probable that different lines of demarca 
tion would have been drawn between the forces already 
known, had they been discovered in a different manner, or 
first observed at different points of the chain which connects 
them. Thus, radiant heat and light are mainly distinguished 
by the manner in which they affect oui- senses : were they 
viewed according to the way in which they affect inorganic 
matter, very different notions would possibly be entertained 
of their character and relation. Electricity, again, was 
named from the substance in which, and magnetism from the 
district where, it first happened to be observed, and a chain 
of intermediate phenomena have so connected electricity with 
galvanism that they are now regarded aa the same force, 
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differing only in the degree of ita intensity and quantity, 
tliongli for a long time tiiey were regarded ae distinct. 

The phenomenon of attraction and repnlaion by amber, 
which originated the term eledricity, is as unlike that of the 
decomposition of -water by the voltaic pile, as any two natural 
phenomena can well be. It is only because the historical 
sequence of scientific discoveries has associated them by a 
number of intermediate links, that they are classed tmder the 
same category. What is called voltaic electricity might 
equally, perhaps more appropriately, be tailed voltaic chemis- 
try. I mention these facts to show that the distmcfion m the 
name may frequently be much greater than the distmction of 
the subject which it represents, and vice veraa, not as at all 
objecting to the received nomenclature on these pomts , nor 
do I say it would be advisable to depart frum it . were we to 
do so, inevitable confusion would result, and objections 
equally forcible might be foimd to apply to our new teimi- 
nology. 

Words, when established to a certaiu point, become a 
part of tJie social mind ; its powers and very existence de- 
pend upon the adoption of conventional symbols ; aad were 
these suddenly departed &om, or vaiied, according to indivi- 
dual apprehensions, the acquisition and transmission of knowl- 
edge would cease. Undoubtedly, neology is more permissi- 
ble in physical science than in any other branch of knowledge, 
because it is more progressive ; new facts or new relations 
require new names, but even here it should be used with great 
caution. 

Si forte neoesse est 
ladioiis moastrara reoentibns abdita rerum, 
Fingere cincfcutis non exaudita Cethegis, 
Continget ; dabiturqne liceatia, sumpta padenter. 

Even should the mind ever be led to dismiss the idea of 
various forces, and regard them as the exertion of ooe force, 
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or resolye them definitely into motion ; still we could never 
avoid tlie ose of different conventional terms for the different 
modes of action of this one pervading force. 

Reviewing the series of relations between the vai-iona 
forces wliicli we bfive been considering, it would appear that 
in many cascH whei-e one of these is excited or exists, all the 
others are also set in action : thus, whaa a substance, such aa 
sulphuref of antimony, is electrified, at the instant of electri- 
sation it becomes magnetic in directions at right angles to the 
lines of electric force ; at the same time it bei'omes Jieatcd to 
an extent greater or less according to the intensity of the 
electric force. If this intensity be exalted to a certsjn point 
the Bulphuret becomes luminous, or ligM is produced : it ex- 
pands, consequently motion is produced ; and it is decomposed) 
therefore eh»micat action is produced. If we take another 
substance, say a metal, all these forces except the last are 
developed ; and although ive can scarcely apply the term 
mechanical action to a substance hitherto undecomposed, and 
which, under the circumstances we ere considering, enters 
into no oew combination, yet if undergoes that jpecies of 
polarisation which, as far as we can judge, is the first step 
towards chemical action, and which, if the substance were 
decomposable, woidd resolve it into its elements. Perhaps, 
indeed, some hitherto undiacovered chemical action is pro- 
duced in substances which we regard as undecomposable ; 
there are experimenla to show that metals which have been 
electrised are piirmanently changed in their molecular consti- 
tution. Oxygen, we have seen, is changed by the electric 
spark into ozone, and phosphorus into allotropic phosphorus, 
both which changes were for a long time untnown to those 
familiar with electrical science. 

Thus, with some substances, when one mode of force is 
produced all the others are simultaneously developed. With 
other substances, probably with all matter, some of the other 
forces are developed, whenever one is excited,-and all maybe 
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80 were the matter in a suilable condition for tlieir develope- 
ment, or oar means of detecting them suiSciently delicate. 

This simultaneous production of several different forces 
seems at first aiglit to be irreconeileable with fLeir mutual and 
necessary dependence, and it certainly presents a formidable 
experimental difficulty in the way o£ establishing their equiv- 
alent relations ; but when examined ciosely, it is not in fact 
inconsistent with the views we have been considering, but is 
indeed a strong argument in favour of tiie theory which re- 
gards them as modes of motion. 

Let us select one or two cases in which this form of ob- 
jection may be prominently put forward. A voltaic battery 
decomposing water in a voltameter, while the same current 
is employed at Ihe same time to mate an electro-magnet, 
gives nevertheless in the voltameter an equivalent of gas, or 
decomposes an equivalent of an electrolyte for each equiva- 
lent of chemical decomposition in the battery cells, and ^viU 
give the same ratios if the electro-magnet be removed. Here, 
at first sight, it would appear that the magnetism was an ex- 
tra force produced, and that thus more than the equivalent 
power was obiained from the battery. In answer to this 
objection it may be said, that in the circumstances under 
which this experiment is ordinarily performed, several cells 
of the battery are used, and so there is a far greater amount 
of force generated in the cells than is indicated by the effect 
in the voltameter. If, moreover, the magnet be not inter- 
posed, still the magnetic force is equally esisteni tliroughout 
tlie whole current ; for instance, the wires joining the plates 
will attract iron filings, deflect niagnetic needles, &c., and 
produce diamagnetie eflects on surrounding matter. By the 
iron core a smaU portion of the force is, indeed, absorbed 
loMle it is being made a magnet, but this ceases to be ab- 
sorbed when the magnet is made ; this has been proved by 
the observation of Mr. Latimer Clarke, who has found that 
along the wires of the electric telegraph the mt^etie needles 
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placed at different stations remained fixed ailer the connection 
with tlie battery was made, and while tlie electric current 
acted by induction on stirrounding conducting matter, separa- 
ted from the -wires hy their gutta percha coating, ao that a 
sort of Leyden phial was formed ; but as soon as this induc- 
tion had produced its effect between each station, or, so to 
speak, the phial was charged, the needles successively were 
deflected : it is like the case of a pulley and weight, which lat- 
ter exhausts force while it is being raised ; but when raised, 
the force is free, and may be used for other p 

If a batteiy of one cell, just capable of d 
and no more, be employed, this wUl cease to decompose wMle 
making a magnet. There must, in every case, be prepon- 
derating chemical afB.nity in the battery cells, either by the 
nature of its elements or by tiie reduplication of series, to 
effect decomposition in the voltameter ; and if the point is 
just reached at wHch tJiis is effected, and tlie power is then 
reduced by any resistance, decomposition ceases: were it 
otherwise, were the decomposition in the voltameter the 
exponent of the entire force of the generating ceDs, and these 
could independently produce magnetic force, this latter 
force would be got from nothing, and perpetual motion be 
obtained. 

To take another and different example : A piece of zinc 
dissolved in dilute sulphuric acid gives somewhat less heat than 
when the zinc has a wire of platinum attached to it, and ia 
dissolved by the same quantity of a«id. The argument is 
deduced that, as there is more electricity in the second tiian 
in the first ease, there should be less heat ; but as, according 
to our received theories, the heat is a product of the electric 
cmrent, and in consequence of the impurity of zinc electrici- 
ty is generated in the iirst case molecidarly, in what is called 
local action, though not thrown into a general direction, 
there should be more of botb beat and electricity in the sec- 
ond than in the first case, as the heat and electricity due to 
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the voltaic combinatioa of einc and platmwm are added to 
ttat excited on the surface of the zinc, and the amc should he, 
as in. fact it is, more rapidly diesolved ; so that the extra heat 
and electricity is produced hy extra diemical force. Many 
additional cases of a similar description might be suggested. 
But although it is difBeult, and perhaps iinpossible, to resti-ict 
the action of any one force to the proditetion of one other 
force, and of one only— yet if the whole of one force, say 
diemical action, he supposed to he employed in producing its 
full equivalent of another force, say heat, then as this heat is 
capahle in its turn of reproducing chemical action, and in the 
limit, a quantily equal or at least only infinitely short of the 
initial force : if this could at the same time produce indepen- 
dently aaother force, say magnetism, we could, by adding 
the magnetism to the total heat, get more than the original 
chemical action, and thus create force or obtain perpetual 
motion. 

Tlie terca Correlation, which I selected as the title of my 
Lectures in 1843, strictly interpreted, means a necessary 
mutual or reciprocal dependence of two ideas, inseparable 
even in mental conception : thus, the idea of height cannot 
exist without involTing the idea of its correlate, depth ; the 
idea of parent cannot exist without involving the idea of off- 
spring. It has been scarcely, if at all, used by writers on 
physics, but thei-e are a vast variety of physical relations to 
which, if it does not in its strictest original sense apply, 
cannot certainly be so well expressed by any other tenn. 
There are, for example, many facts, one of which cannot fake 
place without involving the other ; one ai-m of a lever can- 
not he depressed without the other being elevated — tlie finger 
cannot press the ta.ble wiAout the table pressing tlie finger. 
A body cannot be heated without anotlier being cooled, or 
some other force being exhausted in aa equivalent ratio to 
the production of beat ; a body cannot be positively elec- 
trified without some other body being negatively electri- 
fied, &c. 
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Tile probaliility is, that, if not all, the gi'eater mirabcr of 
physical phenomena are correlative, and that, without a 
dualitj of conception, the niind cannot form an idea of them : 
thus motion cannot be perceived or probably imagined with- 
out parallax or relative change of position. The world Tras 
believed fixed, until by comparison with the celestial bodies, 
it was fouud to change its place with regard to them : had 
there been no perceptible matter external to the world, we 
should never have discovered its motion. In sailing along a 
river, the stationary vessels and objects on flie banks seem 
to move past the observer : if at last he arrives at the convic- 
tion that he is moving, and not these objects, it is by correct- 
ing his senses by reflectioa derived fcom a more extensive 
previous use of them : even then be can only form a notion 
of the motion of tlie vessel he is in, by its eiiange of position 
with regard to the objects it passes — ^that is, provided his 
body partakes of the motion of the vessel, which it only does 
when its course is perfectly smooth, otherwise the relative 
change of position of the differeHt parts of the body and the 
vessel inform him of its alternating, though not of its pro- 
gressive movement. So in all physical phenomena, the effecfa 
produced by motion are all in proportion to the relative mo- 
tion : thus, whether the rubber of an electrical machine be 
stationary, and the cyliader mobile, or the rubber mobile and 
the cylinder statioEary, or both mobile in dififerent directions, 
or in the same direction with different degrees of velocity, 
the electrical effects are, ccderis parihtis, precisely the same, 
provided the relative motion is the same, and so, without ex- 
ception, of aU other phenomena. The question of whether 
there can be absolute motion, or, indeed, any absolute is 
force, is purely the metaphysical question of idealism o 
ism — a question for our purpose of little import , 
for the purely physical inquirer, the maxim 'dejiona^ajf/ifi- 
hus et non existentihus eadem est ratio.' 

The sense I have attached to the word c nelatiuu jo 
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treating of pliysieal phenomena, will, I thiak, be evident from 
the pcevioti& parts of this e&say, to be that of a necessai'y 
reciprocal production : in otlier worda, that any foice capable 
of prodHcJng another may, in iti turn, be produced by it — 
nay, more, can he isaeh' resisted by the force it produces, in 
proportion to the energy of such pioduction, an action is ever 
accompanied and resisted by leictiou thus, the action of an 
electro-magnetic machine is leacted upon by the magneto- 
electricity developed by its. ictiou 

To many, hotvever, of the cases ve hive been consider- 
ing, the term correlation miy be ^pphed in a more strict 
accordance with its original sense ■ thus, with regard to the 
forces of electricity and magnetism m i dynamic state, we 
cannot electrise a substance without magnetiamg it — we can- 
not magnetise it without electrising it : — each molecnle, the 
instant it ia affected by one of these forces, is affected by the 
other ; but, in transverse directions, tJie forces are insepara- 
ble and mutually dependent — correlative, but not identical. 

The evolution of one force or mode of force into another 
Las induced many to regard all the different natviral agencies 
as reducible to unity, and as resulting from one force which 
is the efiicienl cause of all the others : thus, one author writes 
to prove that electricity is the cause of every cliange in 
matter ; another, that chemical action is the cause of every- 
thing ; anothei', that heat ia the universal cause, and so on. 
If, as I have stated it, the true expression of the fact ia, that 
each mode of force is capable of producing the others, and 
that none of them can be produced but by some other as an 
anterior force, then any liew which regards either of thena as 
abstractedly the efficient cause of all the rest, is erroneous ; 
the view has, I believe, arisen from a confusion between the 
abstract or generalised meaning of the term cause, aad its 
concrete or special sense ; the word itself being iudiscrimi- 
uately used in both these senses. 

Another confusion of terms has arisen, and has, indeed, 
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mucli emliarrassed mo in enimciating the propositiona put 
forth, ia these pages, on account of the imperfection of scien- 
tific language ; an imperfection in great measure unavoidable, 
it is trne, but not tho less embarrasaing. Thus, tlie worilB 
light, heat, electricity, and magnetism, are constantly used in 
two seases — ^viz. that of the force producing, or ihe subject- 
ive idea of force or power, and of the effect produced, or the 
objective pbenomenoa. The word motion, indeed, is only 
applied fo the effect, and not to the force, and the term chem- 
ical afBnJty is generally applied to the force, and not to the 
effect ; but the other four terms are, for want of a distinct 
termiaology, applied iudiscriminately to both. 

I may have occasionally used the same word at one time 
in a eubjeotive, at another in an objective sense ; aU I can 
say is, that this cannot be avoided without a neology, which 
I have not the presumption to introduce, or the authority to 
enforce. Again, the use of the term forces in the plural 
might be objected to by those who do not attach to the term 
force the notion of a specific agency, but of one universal 
power associated with matter, of which its various phenom- 
ena are but diversely modified efiects. 

Whether the imponderable agents, viewed as force, and 
not as matter, ought to be regarded as distinct forces or as 
distinct modes of force, is probably not very material, fop, as 
far as I am aware, the same result woidd follow either view ; 
I have therefore used the terms indiscriminately, as either 
happened to be the more expressive for the occasion. 

ThrOBghoiit this essay I have placed moiiOH in the same 
category as the other affections of matter. The cotirse of 
reasoning adopted in it, however, appears to me to lead inev- 
itably to the conclusion that these affections of matter are 
themselves modes of motion ; that, as in the case of friction, 
the gross or palpable motion, which is arrested by the con- 
tact of another body, is subdivided into roolecular motions or 
vibrations, which vibrations are heat or electric!^, as the 
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some sort from partide to particle, are themselyes electricity 
or magnetism ; or, to express it in the converse, that dynamic 
electricity and magnetism are themselves motion, and that 
permanent magnetism, and Franklinic electricity, aM static 
conditions of force hearing a similar relation to motion which 
teiiBion or gravitation do. 

This theory might well be discussed in greater detail 
than has been used in this work ; but to do this and to anti- 
cipate objections would lead into specialities foreign to my 
present object, in the course of tiis essay my principal aim 
having been i-atlier to show the relation of forces as evinced 
by acknowledged facts, than to enter upon any detailed ex- 
planation of their specific modes of action. 

Probably man will never know the ultimate structure of 
matter or the minutise of molecular actions ; indeed it ia 
scarcely conceivable that the mind can ever attain to this 
knowledge ; the monad irresolvable by a given microscope 
may be resolved by an increase in power. Much harm has 
ah-eady been done by attempting hypothetically to dissect 
matter and to discuss the shapes, sizes, and numbers of at- 
oms, and their atmospheres of heat, ether, or electricity. 
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Whetlier the regarding electricity, ligbt, magaetism, &c., 
as simply motions of ordinary matter, be or be not admissi- 
ble, certain it is, that all past tbeoriee Lave resolved, and all 
existing tkeorios do resolve, the actions o£ these forces into 
motion. Whether it be that, on account of onr familiarity 
with motion, we refer other affections to it, as to a language 
which is most easily constraed and most capable of explain- 
ing them ; whether it be that it it in reality the only mode in 
which our minda, as conti'adistinguished from our senses, are 
able to conceive material agencies ; certain it is, that since 
the period at which the mystic notions of spiritual or preter- 
natural powers were applied to account for physical phenom- 
ena, all hypotheses framed to explain them have resolved 
them into motion. Tafce, for axample, the theories of light 
to which I have before alluded : one of these supposes light 
to be a highly rare matter, emitted from — i. e. put in motion' 
by — Aluminous bodies ; a second supposes ttiat the matter is 
not emitted from luminous bodies, but that it is put into a 
state of vibration or nndnlafion, i. e. motion, by them ; and 
thirdly, hght may be regarded as an undulation or motion of 
ordinary matter, and propagated by undulation of air, glass, 
&c., as I have before stated. In all these hypotheses, matter 
and motion are the only conceptions. Nor, if we accept 
terms derived from om- own sensations, the which sensations 
themselves may be but modes of motion in the nervous fila- 
ments, can we find words to describe phenomena other than 
those expressive of matter and motion. We in vaiu struggle 
to escape from these ideas ; if we ever do so, oiu" mental 
powers must undergo a change of which at present we see 



If we apply to any otlier force the mode of reasoning 
which we have applied to heat, we shall arrive at the same 
conclusion, and see that a given source of power can, sup- 
posing it to be fully utilised in each case, yield no more bj 
employing it as an exciter of one force than of another. Let 
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US take electricity as an example. Suppose a poimd of mer- 
cnry at 400*^ be employed to prodnce a tliermo-eleetric cur 
rent, and the latter be in its turn employed to produce me- 
chanical force ; if this latter force be greater than ih&t which 
the direct effect of heat would produce, then, it could by cora- 
preasioQ raise the temperature of the mercury itself, or cf a 
similar quantity equally heated, to a higher point than its 
original temperature, the 400° to 401°, for example, 'vthich 
is obviously impossible ; nor, if we admit force to be inde- 
structible, can it produce lees than 400°, or cool the second 
body except by some portion of it being conveited into 
another form or mode of force. 

But as the mechanical effect here is produced throagh the 
medium of electricity, and tlie mechanical eifect is definite, 
so the quantity of electricity producing it must be definite 
also, for unequal quantities of electricity could only produce 
an eqnal mechanical effect by a loss or gain of their own 
force into or out of nothing. The same reasoning wil! apply 
to the other forces, and ■will lead, it appears to me, necessa- 
rily and inevitably to the conclusion, that each force is defi- 
nitely and equivalently convertible into any other, and tlat 
where experiment does not give the full equivalent, it is be- 
cause the initial force has been dissipated, not lost, by con- 
version into other unrecognised forces. The equivalent is the 
limit never praclically reached. 

The great problem which remains to he solved, in regard 
to the correlation of physical forces, is this establishment of 
their equivalents of power, or their measurable relation to a 
given standard. The progress made in some of the braneliBS 
""of this inqoiry has been already noticed. Viewed in their 
static relations, or in the conditions requisif* for producing 
equilibrium or quantitative equality of force, a remarkable 
relation between chemical affinity and heat is that discovered 
in many simple hodies by Dulong and Petit, and extended to 
compounds by Neumann and Avogadro. Their reaearclies 
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have shown that the specific heats of terfam ul tancco 
when multiplied by their chemical eqiu> nlents give i con 
stant quantity as prodnct — or, in other woids that the com 
hining weights of snch substances are thoio weights which 
require equal accessions or abstractions of heat equally lo 
raise or lower their temperature. To put the piopoxitiou 
more iu accordance with the view we ha^e tikea of the na- 
ture of heat : each body has a power of communicating or 
receiving molecular repulsive power, exactly equal weight 
for weight, to its chemical or combining po>vei For m 
stance, the equivalent of lead is 104, of zinc 33 or, m louni 
numbers, as 3 to 1 j these numbers are theiefoie inveisely 
the exponents of their chemical power, thiee times as much 
lead as zinc being required to saturate the •lame quan 
tity of an acid or substance combining with ii but thm 
power of commimicating or abstracting heat oi iepulsi\a 
power is precisely the same, for three times a? much lead a 
zinc is required to prodnce the same amonnt ot esjan^iou or 
contraction in a given quantity of a third ?nbstiace, such a^ 
water. 

Again, a great number of bodies chemically combine in 
equal volumes, i. e. in the ratios of their specific gravities ; 
but ttie specific gravities represent the attraetive powers of 
the substance, or are the numerical exponents of the forces 
tending to produce motion in masses of matter towai'ds each 
other ; while the chemical equivalents are tlie exponents of 
the affinilieB or tendencies of the molecules of dissimUar sub- 
stances to combine, and saturate each other ; 
here we have to some extent an equivalent relation 1: 
these two modes of force — gravitation and diemical attrac- 
tion. 

Were the above relatiouH extended into an universal law, 
we should have the same numerical expression for the three 
forces of heat, gravity, and affinity ; and as electricity and 
e quantitatively related to them, we should have 
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a similar expression for these forces : but at present the bod- 
ies in which this parity of force has been cliseoverec!, though 
in tbemselves nnmeroos, are small compared with the excep- 
tions, and, therefore, this point can only be indicated as prom- 
ising a generalisation, should subsequent researdies alter our 
knowledge as to the elements and combining equivalents of 
matter. 

With regard fo what may be caUed dynamic equivalents, 
i. e. the definite relation to time of the action of th^e varied 
forces upon equivalents of matter, the difficulty of establish- 
ing them is still greater. J£ the proposition which I stated 
at the commencement of this paper be correct, that motion 
may be subdivided or changed in character, so as to become 
heat, electricity, &c., it ought to follow that when we collect 
the dissipated and changed forces, and reconvert them, the 
initial motion, minna aa infinitesimal quantity affecting tlie 
same amount of matter with the same velocity, should be re- 
produced, and so of the changes in matter produced by the 
other forces ; but the difficulties of proving tlie truth of this 
by experiment will, in many cases, be all but insuperable ; 
we cannot imprison motion as we can matter, though we may 
to some extent restrain its direction. 

The term pei-petual motion, which I have not unfreqaenl> 
ly employed in these pages, is itself equivocal. K the doc- 
trines here advanced be founded, all motion is, in one sense, 
perpetual. In masses whose motion is stopped by mutual 
concuasion, heat or motion of the particles is generated ; and 
fbus the motion continues, so thatif we could venture to extend 
sueb thoughts to the universe, we should assume the same 
amount of motion affecting the same amount of matter for ever. 
Where force opposes force, as in cases of static equilibrium, 
the balance of pre-existing equilibrium is affected, and fresh 
motion is started equivalent to that which is withdrawn into 
a state of abeyance. 

But the term perpetual motion is applied, in ordinaiy par- 
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lance (and ia such sense I have used it), fo a perpetual recur- 
rent motion, e.g. a weight whicli hj its fall would tm-n a 
wheel, -which wheel would, m its tarn, raise the initial weiglii, 
and so on forever, or until the material of which the machine 
is made be worn out. It is strange that to common appre- 
hension the impoasibiiity of this is not self-eyident : if the in- 
itial weight is to be raised by the force it has itself generated, 
it must necessarily generate a force greater than that of ils 
own weight or centripetal attraction ; in other words, it must 
be capable of raising a weight heavier than itself: so that, 
setting aside the resistance of friction, &c., a weight, to pro- 
duce perpetual recurrent motion, must be heavier than an 
equal weight of matter, in short, heavier than itself. 

Suppose two eqnal weights at each end of an equi-armed 
lever, there is no motion ; cut off a fraction of one of them, 
and it rises while the other falls. How, now, is the lesser 
weight to bring back the greater withoitt aay extraneous ap- 
plication of force? If, as is obvious, it cannot do so in this 
simple form of experiment, it is d forHori more Impossible if 
maehinery be added, for increased resistances have then to 
be overcome. Can we again mend this by employing any 
other force? Suppose we employ electricity, the initial 
weight in descending turns a cylinder against a cushion, and 
so generates electricity ; to make this fore© recurrent, the 
electricity so generated must, in its turn, raise the initial 
weight, or one heavier than it, i. e. the initial weight mast, 
through the medium of electricity, raise a weight heavier than 
itself. The same problem, applied to any other forces, will 
involve the same absurdity : and yet simple as the matter 
seems, the world is hardly yet disabused of on idea little re- 
moved from superstition. 

But the importance of the deductions to be derived from 
the uegation of perpetual motion seems scarcely to have im- 
pressed philosophers, and we only find here and there a scat- 
tered hint of the consequences necessarily resulting from that 
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■which to the thinking mind is a conviction. Some of these 
I have ventured to put forward in the present essay, but 
Boany remain, and will crowd upon the mind of those who 
pursue the subject. Does aot, for instance, the impossibility 
of perpetual motion, when thought out, involve the demon- 
stration of the impossibility, to which I have previously allud- 
ed, of any event identically recurring? 

The pendulum in vacuo, at each beat leaves a portion oi' 
the force which started it in the form of heat at its point of 
suspension ; this force, though ever existent, can never be re- 
stored in its integrity to the ball of the pendulum, for in the 
process of restoration it must affect other matter, and alter 
the condition of the universe. To restore the initial force to its 
integrity, everything as it esisted at the moment of the first 
beat of the pendulum must be restored in its integrity : but 
how can this be — for while the force was escaping from the 
pendulum by radiating beat from the point of suspension, 
snrrounding matter has not stood still ; the very attraction 
which caused the beat of the pendalum has elianged in degree, 
for the pendulum is nearer to or further from the sun, or 
from some planet or ibced star. 

It might be an interesting and not profitless speculation 
to follow out these and other consequences ; it would, I be- 
lieve, lead us to the conviction that the universe is ever 
changing, and that notwithstacding secular recurrences which 
would primS, facie seem to replace matter in its original posi- 
tion, nothing in fact ever returns or can return to a state of 
existence identical with a previous state. But the field is too 
illimitable for me to venture further. 

The inevitable dissipation or thi'owing off a portion of 
the initial force presents a gi-eat experimental difiiculty in the 
way of establishing the equivalents of the various natoral 
forces. In the steam-engine, for instance, the heat of the 
furnace not only expands the water and thereby produces the 
motion of the piston, but it also expands the iron of the boil- 
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er, of the cylinder aad all suiTOimding bodies. The force ex- 
pended in expanding this iron to a very small extent is eq^ual 
to thativliicli expands the vapoiir to a verylai-ge extent : this 
BxpansioQ of the icon is capable, in its turn, of producing a 
great mechanical force, which is practicaUy lost. Could all 
the force be applied to the yapour, an enormous addition of 
power wonld he gained for the same expenditure : and per- 
haps even with our present means more might he done in 
utilising the expansion of the iron. 

Another great difficulty in experimentally ascertaining the 
dynamic equivalents of different forces arises from the effects 
of disruption, or the overcoming an existing force. Thus, 
when a part of the initial force employed is engaged in twists 
ing or tearing asunder matter previously held together by 
cohesive attraction, or la overcoming gravitation or inertia, 
the same amount of heat or electricity would not be evolved 
as if such obstacle were non-existent, and the inilial force 
were wholly employed in producing, not in opposing. There 
is a difficulty apparently extreme in devising experiments 
in which some portion of the force is not so employed. 

The initial force, however, that has been employed for such 
disruption is not lost, as at the moment of disruption the 
bodies producing it fly off, and carry with Ihem their force. 
Thus, let two weights be attached to a cord placed across a 
bar ; when their force is sufficient to break the cord or the 
bar, the weights fall down and strike the earth, making it 
vibrate, and so conveying away or continuing the force ex- 
pressed by the cohesion of the bar or cord. If, instead of 
brealdng a cord, the weights be employed to bend a bar, their 
gravitating force, instead of making the earlh vibrate, pro- 
duces heat in the bar, and so with whatever other force be 
employed to produce effects of disruption, torsion, &c., so 
that, though difftcult in practice, the numerical problem of 
the equivalent of the force is not theoretically irresolvable 

The voltaic battery affords us tlie best means of ascertain- 
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ing the dyQamic equivalents of different forces, audit is probable 
that by its aid the beat theoretical and practical results wiUbe 
uhimately attained. 

In investigating the relation of the different forces, I hare 
in turn taken each one as the initial force or starting-pomt, 
and endeayourcd to show how the force thus arbitrarily se- 
lected could mediately or immediately produce and be merged 
into the others : but it wiU be obvious to those who have at- 
tentively considered the subject, and brought their minds into 
a general accordance with the viewslhave submitted to them, 
that no force can, strictly speaking, be initial, as there must 
he some anterior force which produced it : we cannot create 
force or motion any more than we can create matter. 

Thus, to take an example previously noticed, and recede 
backwards; the spark of light is produced by electricity, 
electricity by motion, and motion is produced by something 
else, say a steam-engine — that is, by heat. This heat is pro- 
duced by chemical affinity, i.e. the affinity of the carbon of 
the coal for the oxygen of the air : this carbon and this o:^- 
gea have been previously eliminated by OL-tions difflctilt to 
trace, but of the pre-existence of which we cannot doubt, 
and in which actions we should find the conjoint and al- 
ternating effects of heat, light, chemical afSmty, &c. Thus, 
tracing any force backwards to its antecedents, we are merged 
in an infinity of changing forms of force ; at some point we 
lose it, not because it has been in fact created at any definite 
point, but because it resolves itself into so many contributing 
forces, tliat the evidence of it is lost to our senses or powers 
of detection ; just as in following it forward into the effect it 
produces, it becomes, as I have before stated, so subdivided 
and dissipated as to be equally lost to our means of detection. 

Can we, indeed, suggest a proposition, definitely conceiv- 
able by the mind, of force without antecedent force ? I can- 
not, without calling for the interposition of created power, 
any more than I can conceive the sudden appearance of a 
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mass of matter come from nowhere, and form.ed from noth- 
ing. The impossibility, humanly speaking, of creating or 
annihilating matter, has long been admitted, though, perhaps, 
ite distinct reception in philosophy may be set down to the 
OTferthrow of the doctrine of Phlogiston, and the reformation 
of chemistry at the time of Lavoisier. The reasons for the 
admission of a similar doctrine as to force appear to be equally 
strong. With regard to matter, there are maay cases in 
which we aever practically prove its cessation of existence, 
yet we do not the less believe in it : who, for instance, can 
trace, so as to re-weigh, the particles of iron worn off 
the tire of a carriage wheel? who can re-combine the parti- 
cles of wax dissipated and chemically changed in the burning 
of a candle? By placing matter undergoing physical or 
chemical changes under special limitiag circumstances, we 
may, indeed, acquire evidence of its continued existence, 
weight for weight — and so we may in some instances of force, 
as in definite electrolysis : indeed the evidence we acquire of flie 
contiaiied existence of matfei is by the continued exertion of 
the force it exercises as when we weigh it, our evidence is 
the force of attraction so ^g^m onr evi lence of force is 
the matter it acts upon Thus matter and force are corre- 
lates, in the strictest sense of the wnid the conception of 
the existence of the one mvolves the conception of the exis- 
tence of the other : the quantity of matter again, and the de- 
gree of force, involve conceptions of space and time. , But 
to follow out these abstract relations would lead me too far 
into the alluring paths of metaphysical speculation. 

That the theoretical portions of this essay are open to ob- 
jection I am fully conscious. I cannot, however, but think 
that the fair way to test a theory is t« compare it with other 
theories, and to see wiiether upon the whole the balance of 
probability is in its favour. Were a theory open to no ob- 
jection it would cease to be a theory, and beccme a law; 
and were we not to theorise, or to take generalised views of 
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natural phenomena until those generalizations were sure and 
■unobjectionable — in other words, were laws — science would 
be lost in a comples: niass of unconnected obaervations, 
wMch would probably never disentangle tbemselves. Excess 
on either side is to be avoided ; although we may often err on 
tbe side of hasty generalisation, we may equally err on the 
side of mere elaborate collection of observations, which, 
though sometimes leading to a valuable result, yet, when cu- 
mulated without a connecting lint, frequently occasion a cost- 
ly waste of time, and leave the subject to which they refer in 
greater obscurity than that jn which it was involved at their 
commencement. 

CoUectioas of facta differ in importance, as do theories: 
the former, in many instances, derive their value from their 
capability of generalisation ; while, conversely, theories are 
valuable as methods of co-ordinating given aeries of facts, 
and more valuable in proportion as they require fewer eseep- 
tions and fewer postulates. Facts may sometimes Tje as 
well explained by one view as by another, but without a 
theory they are unintelligible and incommunicable. Let us 
Mse our utmost effort to communicate a fact without using the 
language of theory, and we fail ; theory is involved in all 
our expressions ; the knowledge of bygone times is imported 
into succeeding timesby terms involving theoretic conceptions. 
As the knowledge of any particular science developes itself 
our views of it become more simple ; hypotheses, or the in- 
troduction of supposititious views, are more and more dis- 
pensed with ; words become applicable more directly to the 
phenomena, and, losing the hypothetic meaning which they 
necessarily possessed at their reception, acquire a secondary 
sense, which brings more immediately to oiu? minds the facts 
of which they are indices. The scaffolding has served its 
purpose. The hypothesis fades away, and a theory, or gen- 
eralised view of phenomena, more independent of supposition, 
but stiU full of gaps and difficulties, takes its place. This in 
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its turn, should the science continue to progi-ess, either gives place 
to a more eimple and wider generaJisation, or heeomes, by the re- 
moval of objections, established as a law. Even in this more 
advanced stage, words importing theory must be used, but 
phenomena are now intelligible and connected, though express- 
ed by varied forms of speech. 

To think on nature is to theorise ; and difficult it is not 
•to be led on by the coatinuitieB of natural phenomena to the- 
ories which appear forced and unintelligible to those who 
have not pursued the sanie path of thought : which, more- 
over, if allowed to gain an undue influence, seduce ns from 
that truth which is the sole object of oar pursuit. 

"Where to draw the line — ^where to say thus far we may 
go, and no farther, in any particular class of analogies or re- 
lations which Nature presents to us ; Low far to follow the 
progressive indications of thought, and where to resist its al- 
lurements — ^is a question of degree which must depend upon 
the judgment of each individual or of each class of thinkers ; 
yet it is consolatory that thought is seldom expended in vain. 

I have throughout endeavoured to discard the hypotheses 
of subtle or occult entities ; if in this endeavour some of my 
views have been adopted upon insufficient data, 1 still hope 
that this essay wUI not prove valueless. 

The conviction that the so-called imponderables are modes 
of motion, will, at all events, lead the observer of natural 
phenomena to look for changes in these affections, wherevet 
the intimate structure of matter is changed ; and, conversely, 
to seek for changes in matter, either temporary or permanent, 
whenever it is affected by these forces. I believe he will 
seldom do this in vain. It was not until I had long i-eflected 
on the subject, that I ventured to publish my views : their 
publication may induce others to think on their subject-mat- 
ter. They are not put forward with the same objects, nor do 
they aim at the same elaboration of detail, as memoirs on 
newly-discovered physical facts : they purport to be a method 
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of mentally regarding known facts, aomefewof which I have 
myself made known on other occasions, but the great mass 
of ■which have been accumulated by the labours of others, 
and are admitted as established truths. Every one has a right 
to view these facts through any medium ho tliinks fit to em- 
ploy, but some theory must exiat in the minds of those who 
reflect upon the many new phenomena ffhieh have recently, 
and more particularly during the present century, been dis- 
covered. It is by a generalised or connected view of past 
acquisitions in natural knowledge that deductions can best be 
drawn a^ to the probable character of the results to be antici- 
pated. It is a great assistance in such inTestigations to be 
intimately conyinced that no physical phenomena can &tand 
alone : each is inevitably connected with anterior changes, 
and as inevitably productive of consequential changes, each 
with the other, and ail with time and apace ; and, either in 
tracing back these antecedents or following up their eonse- 
quBnts, many new phenomena wOl be discovered, and 
many existing phenomena, hitherto believed distinct, wUl 
be connected and explained : explanation is, indeed, only re- 
lation to something more familiar, not nrnre known — i.e. 
known as to causative or creative agencies. In aU pheno- 
mena the more closely they are investigated the more are we 
convinced that, humanly speaking, neither matter nor force 
can be created or annihilated, and that an essential cauise is 
unattainable. — Causataou is the will, Creation the act, of 
God. 



...Coogic 



NOTES AND REFERENCES. 



18, Tee reader wto is cutioua as to the views of the andeats, regarding 
the objeols of seieace, will find clues to them in the second hook of 
Aristotle's Phjsies, and in the first tbree books of the Metaphy- 
sics. See also the Timseua of Plato, and Eittek's History of 
Ancient Fhilosophy, where a eketch of thePhilosoptj of LECCifFus 
and DBMOoaiTos will be found, 

14. BiOON's NoTum Organum, book ii. aph. 6 and 6. 

16 Hume's Enquiry concerning Human Understanding, S. 7, London, 
1568 
BaowBa Em^mrv into tlio Eelations of Cause and Effect, London, 

ISSB 
The illustiation 1 have u'ed of floodgate has been objected to, as 
bdng one to which (he term cause would scarcely be applied, but 
after 'ome consideration I have retained it; if eatise be yiewed 
only as sequence, it must be limited to sequence under ^ven condi- 
tions or circumstances, and here, given the conditions, the sequence 
is invariable. I see no difference quoad the ailment, between 
tlus illustration and that of Browh of a lighted match and gun- 
powder {4t]i edit. p. 27), to vrhich ray reasoning would equally well 
apply. 
Hebscsel's Discourse on the Study of Natural Philosophy, pp. 88 
and M9. 

iV. Quarterly Heview, vol. Isviii. p. 213. 

Weewell, On the Question ' Are Cause and Effect Suooessive or 
Simullaneoua? {Cambridge Philosopliical Transactions, vol vu p. 
819.) 

18. HnnaoHiL's Discourse, p. 93. 

AuTEEE, Theorie des Ph&iom^neg Electro dTnamiquos, Memoirs m 



„ Google 



NOTES AHD EEFEEENOEa. 201 

the Ann. de Chimie et de Physique, aafl wocks from 1820 to 1826 

23. LiMiECK, ' Sur la MatiSre du Son ' (Journal do Phjsique, vol. "Iit , 

p. 897). 
26. D'Aleubem, Traits de Djuamique, gp. 3 and i, Paris, llae. 
28. Babb4ge, On the Permanent Impresaion of our Words and Actions on 

the Cflobo we inhabit, 9th Eridgewatei' Treatise, ch. ix, 
■ 30, MiYEn, Annalen der Pharmaoie Leibig nnd Wohler, May 18S2. 
33. JouiE on the Mechanical Equivalent of Heat (Phil. Trana. 1850, 

p. 61.) 
33. Eehan, Influence of Friction, upon Thermo-electricity (Eepoi'ta of iha 

Bntieh Association, 1845.) 
85. BECQTiBaEL, Pegagement de PElectiioit^ par Frottement, Traite do 

raiectricit^ torn, u. p 113 etaeq 
88. BuLLiTiN, Cctrrenta produced by the nbration of metTl? {Anhiy da 

I'Electricil^ 1^ 10, p. 480) Leeoiti:, Vibrabons arrested produce 

heat (Cosmos, March 30, 1860) 
87. ■Weeatstome on the Pnsmatio DecoiapiKildOn of Eleotnoal light 

(Notices of Commuaieations to the Biitish Assooialion, p II, 

1SS6). 
39. BiOoB, De Forma Calidi, Nov. Org. book 3, aph. 20. 

RuuFOED, An Enquiry concerning the Source of Heat which is eiCiled 

by Fdetion (Phil. Trans, p. 80, 1798). 
Datt, On the Ctonyer^on of loa into Water by Friction (West of 

England Conti'lbutions, p. 16). 
Of Heat or Calorific BepnMoa (Elements of Chemical Philosophy, 

p. 69). 

41. Baden Powell on the Repulsiye Power of Heat (Phil. Trans. 1834, 

p. 48S). 
Fhesnel, Annales de Chimie, (»ra. ixis. pp. S7 and 107. 

42. MoBEE on Invisible Light (Taylor's Scientific Memoirs, vol. iii. pp. 

461 and 466). 

43. Black on Latent Heat (Elements of Chemistry, p. 144 et pasdm, 

1803). 
4G. The espeiiments of HiamT and Dohby have shown that the cohesion 
of liquids, as far oa them antagonism to nipture goes, is much 
greater than has been generally believed. These eiperimenta, 
however, make no difference m the Tiew 1 have put forth, as, what- 
ever be the chaL'aoter of the attraction, there is a molecular tLtiraa- 
tion to be overcome in changing bodies from tho solid to the liquid 
Btate, which must require and exhaust force. 



...Coogic 



203 NOTES ANB EEPEEEHCES. 

Dossr, Sur la Cohesion des Liquides (Memoires de I'Aoadfeiie Eoy- 

ale de Brusellea, 18i3). 
Henrt, Proceedings of the Amerieaa PMosopMciLl Soolelj, April 
1844 (SiUimflti'a Journal, vol siriiii. p. 215). 
48. TEiLOEiEE, Solidificntion de I'Acide carbonique (Ann. de CIi. et de 
Phys. tom. Ii. p. 4B2). 

60. I, Wedgwood, Thermometer for measnriDg Ihe Higher Degi'ees of 

Heat (Phil. Trans. 1782, p. 305 ; and 1^85, p. 890. 
Ttndall, on the physical properties of Ice (Phil Tj'aas. 1S68, 

p. 211). ■ 
DEsriMJiz, Secherches sm le Uaximum de Density de I'Eau pure et 

des Dissolutions aqueuses (Ann. de. Ch. et de Ph. tom. Ixx. p. i&, 

and torn. Issiii. p. 296). 

61. EioT (Oomptes rendus de I'Aoad^ie des Sciences, Psris 1850, p. 

281). The esperimenta on oireular polarlaation. bj water were, I 
believs, by Dr. Leeson. 

62. I. Thompson, Trans. E- S. Edin. vol. ivi. p. 6T6. 
W. TnoMPsoN, FliiL Mag. Angust 1850, p. 123, 

BuNSEN, Pogg. Ann. toI. lissL p. 682; Ann. de Oh. et d.e Phja. vol 
XXXV. p. 383. Efffecta of Pressiu'e on the Freemg Point. 

53. JoFlE, Phil. Trang. 1852, p. 99. 

Although, taking the phenomena as Ihey are known to exist, the 
meohanioal laws may be deduced, yet in any physical conception 
of the nature of heat tlie expansion by cold has always been a 
great stumbling-block to me, ajid I belieTB to many otheia. 
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INTEEACTION OF NATUEAL FORCES. 

By Peof. H. L. F. HELMHOLTZ. 

Translited ey JOHN TYNDALL, F.E.S, 
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Herman LnDwie FEnpiNJUD Helmhoitz was bom at Pottsrtam, Augaat 
SI, 1831. He was first military phy^cian, and afterwards aasistant of the 
Aatconomical Museum in Berlic (1848), acd subsequeatly Professor Extra- 
ordinary of Pbyaioli^ at tlie University of Eonigaberg (1849 to 1853), He 
Decame Professor of Physiology at tiie UniTersity of Bonn ill ISfiS, and in 
18ES accepted the phyaologjcal oh^r in tlie Univeraitj of Heidelbei'g. Tlie 
lecture irhicli follona was deUyerail at EBnigsberg in 1S64. He is aa emi- 
neat invest^tor, and an able promoter of the recent pMlosophy of forces ; 
but of Lis life v/e have fewer particulars than of his aecompliahed translator. 

The ancestors of Johk TrKDiLL emigrated from England to the eastern 
or Saxon border of Ireland ahout the middle of the laat ceiihiry. He was 
bom at the village of Leighlin Bridge in 1820, where he recdved his early 
eduoaljoii and acquired a (aate for mathematioa. In 183B he lelt scUoo! 
and joined the Ordnance Surrey as a civil asastant, where he became in 
turn draughtsman, computer, surveyor, and trigometocal observer. He was 
five years connected with the survey, and for three years occupied as re- 
read engineer. In 1841 he became teacher in Queenawood College in Hamp- 
shire, a school for flgriooltmiaia and ei:^eera, where he was distinguished 
for his mild but efficient discipline. Professor Fraukland, the chemist, was 
here joined with him in the work of instruction, and in 1848 the two friends 
left the instituljon and went to the University of Marburg in Hease Cassel, 
to study with the eminent chemist, Bunsen. In 18B1 Profeasor Tjndall 
went to Berlin and worked a,t the aubject of diamagnetism in the laboratory 
of Professor Magnus, He returned to London the same year, and was 
elected Fellow of the Royal Society in 1853, 

Through the influence of Dr. Bence Jones, General Sabine, and Professor 
Faraday, he was appointed Professor of Natural Philosophy hi the Eojal 
Institution in 1863, an appointment which he now holds. In company with 
Ms friend, Profeasor Huxley, he visited the Alps in 1856 ; and returning each 
Bucoeeding year, he accumulated the observations and adventm'ea which aj'e 
so graphically described in his " Glaciers of the Alps," published m 1880. 
Professor Tyndall haa worked with eminent success at various scienijfic 
questiona, but he is ohieSy distinguished for his ori^nal and elaborate re- 
search» on the relaljons of radiast heat to gaseous and vaporous matter. 
Th^e researches are given m his able work on " Heat oa a mode of Motion," 
issued in 1863. As an experimenter, Professor Tyndal! is marked for hia 
caution, accuracy, and tireleas persererance nnder difficulties ; as a writer, 
for bis clear, vivid, and vigoroua style. 
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ANEW conquest of veiy general interest has been recently 
made by natural philosophy. In the following pages, I 
TviU endeavour to give a notion of the nature of this conquest. 
It has reference to a new and universal natural law, which 
rules the aetioa of natural forces in tlieir mutual relations 
towards each other, and is as influential on our theoretic 
views of natural processes as it is important ia tlieir technical 
applicflfions. 

jimong the practical arts which owe their progress to the 
development of the natural sciences, from the conclusion of 
the middle ages downwards, practical mechanics, aided hy 
the mathematical science which bears the same name, was 
one of the most promineat. The character of the ai-t was, at 
the time referred to, naturally very different from its present 
one. Sm-prised and stimulated by its own success, it thought 
no problem beyond its power, and immediately attacked some 
of the most difficult and complicated. Thus it was attempted 
to build automaton figures which should perform the functions 
of men and animals. The wonder of the last century was 
Vaucauson's duck, which fed and digested its food ; the flute- 
player of the same artist, which moved all its fingers cor- 
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rectly ; the writing boy of ihe older, and the piano-forte play- 
er of the younger Droz : which latter, when perfoiining, fol- 
lowed its haniJa with bis eyea, and at the conclusion of the 
piece bowed courteously to the audience. That mea like 
those mentioned, whose talent might bear compariaon with 
the most inventiye heads of the present age, should spend so 
much time in the construction of these figures, which we at 
present regai-d as the merest trifles, would be incomprehensi- 
ble, if they had not hoped in solemn earnest to solve a great 
problem. The wiiting boy of the elder Droz was puhlicly 
exhibited in Germany some years ago. Its wheel-work is so 
complicated, that no ordinary head would be sufficient to 
decipher its manner of action. "When, however, we are in- 
formed that this boy and its constnietor, being suspected of the 
black art, lay for a time in the Spanish Inquisition, and with 
difficulty obtained their freedom, we may infer that in those 
days even such a toy appeared great enough to excite doubts 
as to its natnral origin. And though these artists may not 
have hoped to breathe anto the cieatiire of their ingenuitv a 
soul gifted with moral completeness stiil theie \ieie rn-iny 
who would be drilling to diapen^e inith the moril quahlies ot 
their servants, if, at the same time then immoial qualities 
could also be got rid of , and aocept instead of the mutability 
of flesh and bones, seivices whn,h should combine the legu- 
larity of a machine with the durability of brass and steel. 
The object, therefore, which the inventive genius of the past 
century placed before it with the fullest earnestness, and not 
as a piece of amusement merely, was boldly chosen, and was 
followed up with an expenditure of sagacity which has contri- 
buted not a little to enrich the mechanical experience which a 
later time knew how to take advantage of. "We no longer 
seek to build machines which shall fulfil the thousand services 
required of one man, but desire, on the contrary, that a ma- 
chine shall perform one service, but sliaU occupy in doing it 
the plaoe of a thousand men. 



...Coogic 



THE OLD MECHANICAL PROBLEM. 213 

From those efforts to imitate lining creatures, aiiotiier idea, 
also by a misunderstanding, seems to have developed itself, 
which, as it were, formed tlie new philosopher's stone of the 
seventeenth and eighteenth centuries. It was now the endeav- 
our to construct a perpetual motion. Under this term was un- 
derstood a machine, which, without being wound np, without 
consuming in the working of it, falling water, wind, or any 
other natural force, should still continue in motion, the motive 
power being perpetually supplied by the machine itself. Beasts 
and human beings seemed to correspond to the idea of such an 
apparatus, for they moved themselves energetically and inces- 
santly as long as they lived, were never wound wp, and nobody 
set them in motion. A connection between the taking-in of 
nourishment and (he development offeree did not make itself 
apparent. The nourishment seemed only necessary to grease, 
&B it were, the wheelwork of the animal machine, to replace 
what was used up, and to renew the old. The development 
of force out of itself seemed to be the essential peculiarity, the 
real quintessence of organic life. If, therefore, men were to 
he constructed, a perpetual motion must first be found. 

Another hope also seemed to take up incidentally die sec- 
ond place, which, in our wiser age, would certainly have 
claimed the first rank in the thoughts of men. The perpetual 
motion was to produce work inexhaustibly without corre- 
sponding consumption, that is to say, out of nothing. Work, 
however, is money. Here, tlierefoi-e, the practical problem 
which tlie cunning heads of all centuries have followed in the 
most diverse ways, namely, to fabricate money out of nothing, 
invited solution. The similarity with the philosopher's stone 
sought by the ancient chemists was complete. That also 
was tbongUt to contain the qiiintessence of organic life, and to 
be capable of producing gold. 

The spur which drove men to inquiry was sharp, and the 
talent of some of the seekers nmst not be estimated as small. 
The nature of the problem waa quite calculated to entice por- 
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Ing braiua, to lead them round a circle for years, deceiving 
ever 'witli new expectations, which Tanished upon nearer ap- 
proach, and finally reducing these dupes of hope to open in- 
sanity. The phantom could not be grasped. It 'would be 
impoesible to give a history of these otForts, as the clearer 
heads, among whom the elder Droz must be ranked, convinced 
themselves of the futility of their experiments, and were 
naturally not inclined to speak much about them. Bewildered 
intellects, however, proclaimed often enough that they had 
discovered fJie grand secret ; and as the incorrectness of their 
proceedings was always speedily manifest, the matter fell into 
bad repute, and the opinion strengthened itself moi-e and more 
that the problem was not capable of sohition ; one difficidty 
after another was hrougbt tmder the dominion of mathemati- 
cal mechanics, and finally a point waa reached where it could 
be proved, that, at least by tlie use of pure mechanical forces, 
no perpetual motion could be generated. 

We have here arrived at the idea of the driving force or 
power of a machine, and shall have mnch to do with it in 
future. I muat, therefore, give an explanation of it. The 
idea of work is evidantiy transferred to machines by compar- 
ing their arrangements with those of men and animals to 
replace which they were applied. We still reckon the work 
of steam eagines according to horse-power. The value of 
manual labor is determined partly by the force which is ex- 
pended in it (a strong laborer is valued more highly than a 
weak one) , partly however, hy the skill which is brought into 
action. A machine, on the contrary, which executes work 
skilfally, can always be multiplied to any extent ; hence its 
skill has not the high value of human sldll in domains where 
tlie latter cannot he supplied by machines. Thus the idea of 
the quantity of work in the case of machines has been limited 
to the consideration of the expeaditnre of force ; this was the 
more important, as indeed most machines arc constructed for 
the pypreae purpose of exceeding, by the magnitude of their 
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effects, the powers of men and animals. Hence, in a mechani- 
cal sense, tte idea of work is become identical 'with that of 
the expenditure of force, and in this way I ■will apply it. 

Ho'W, then, can we measure this expenditure, and compare 
it in the case of different machines? 

I must here condnct you a portion of the way — aa short a 
portion as possible — over the nninviting field of mathematico- 
mecliamcal ideas, in order to bring you to a point of view from 
which a more rewarding prospect will open. And though the 
example which I shall here choose, namely, that of a water- 
mill with iron hammer, appears to be tolerably romantic, still, 
alas, I must leave the dark forest valley, the epark-emitting 
anvil, and tlie black Cyclops wholly out of sight, and beg a 
moment's attention to the less poetic side of the quesfion, 
namely, the maehinery. This is driven by a water-wheel which 
in its turn is set in motion by the falling wafer. The axle of the 
water-wheel has at certain places small projections, thiunhs, 
which, during the rotation, lift the heavy hammer and permit 
it to fall again. The falling hammer belabors the mass of 
metal, which is introduced beneath it. The work therefore 
done by the machine consists, in this case, in the lifting of the 
hammei', to do which the gravity of the latter must be over- 
come. The expenditure of force will, in the first place, other 
circumstances being equal, be proportioned to the weight of 
the hammer j it wiH, for example, be double when the weight 
of the hammer is doubled. But tlie action of the hammer 
depends not tipon its weight alone, but also upon the height 
from wliich it falls. If it falls throiigh two feet, it will pro- 
duce a greater effect than if it falls through only one foot. It 
is, however, clear that if the machine, with a certain expendi- 
ture of force, lifts tlie hammer a foot in height, the same 
amount of force must be expended to raise it a second foot in 
height. The work is therefore not only doubled when the 
weight of the hammer is increased twofold, but also when the 
space through which it falls is doubled. From this it is easy 
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to see tliat the work must be measured by tlie product of the 
weight into tbe space through which it ascends. And in this 
way, indeed, do we measure in mechanics. 

The unit of work is a foot-pound, that is, a pound weigkt 
raised to the height of one foot. 

"Wliile the work in this case consists in the raising of the 
heavy hammer-head, the drJTing force which sets the latter in 
motion, is generated by falling water. It is not necessary 
that the water should fall vertically, it can also flow in a 
moderately inclined bed ; but if must always, where it has 
water-milla to set in motion, move from a higher to a lower 
poBition. Experiment and theory coincide in teaching, that 
when a hammer of a hundred weight is to be raised one foot, 
to accomplish this at least a hundred weight of water must 
fall through the space of one foot ; or what is equivalent to 
this, two hundred weight must fallfiillhaJf afoot, or four hun- 
dred weight a quarter of a foot, etc. In short, if we multiply 
the weight of the falling water by the hei^t through which it 
falls, and regard, as before, the product as the measure of the 
work, then the work performed by the machine in raising the 
hammer, can, in the most favourable case, be only equal to the 
nmnber of foot-pounds of water which have fallen in the same 
time. In practice, indeed, this ratio is by no means attained ; 
a great portion of the workof the falling water escapes unused, 
inasmuch as part of the force is -willingly sacrificed for the 
sake of obtaining greater speed. 

I will further remark, that this relation remains unchanged 
whether the hammer is driven immediately by the asle of the 
wheel, or Whether — ^by the intervention of wheel-work, end- 
less screws, pulleys, ropes — the motion is transferred to the 
hammer. "We may, indeed, by such arrangements, succeed 
in raising a hammer of ten hundred weight, when by the first 
simple arrangement, the elevation of a hammer of one hundred 
weight might alone he possible ; hut either this heavier ham- 
mer is raispJ fo onlv one tenth of the height, or tenfold the 
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time is required to raise it to the same lieight ; so tliat, how- 
eyer we may alter, by tJio interposition of machinery, the in- 
tensity of the acting force, still in a certain time, during which 
the mill-stream furnishes us with a definite quantity of water, 
a certain definite quantity of work, and no more, can be per- 
formed. 

Our machinery, therefore, has, in the first place, done 
nothing more than mate use of the gravity of the falling wa- 
ter in order to overpower the gravity of the Jiammer, and to 
raise the latter. When it has lifted the hammer to the neces- 
sary height, it again liberates it, and the hammer falls upon 
the metal mass which is pushed beneath it. But why does 
the falling hammer here exercise a greater force than when it 
is permitted simply to press with its own weight on the mass 
of metal ? Why is its power greater as the height from which 
it falls is increased? We find, in fact, that the work per- 
formed by the hammer is determined by its velocity. In 
other cases, also, the velocity of moving masses is a means of 
producing great effects. I only remind you of the destructive 
effects of nmstet-bnUets, which, in a state of rest, are the most 
harmless things in the world. I remind you of the wind-mill, 
which derives its force from the moving air. It may appear 
surprising that motion, which we are accustomed to regai-d as 
a non-essential and transitory endowment of bodies, can pro- 
duce such great effects. But the fact is, that motion appears 
to us, under ordinary circumstances, transitory, because the 
movement of all terrestrial bodies is resisted perpetuaDy by 
other forces, friction, resistance of the air, etc., so that motion 
is incessantly weakened and flnaUy neutralized. A body, 
however, which is opposed hy no resisting force, when once 
set in motion, moves onwai-d eternally with undiminished 
velocity. Thus we know that the planetary bodies have 
moved without change, through space, for thousands of years. 
Only by resisting forces can motion be diminished or destroyed. 
A moving body, such as the hammer or the musket>-bftU, when 
10 
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it strikes against another, presses the latter together, or pene- 
trates it, until the sum of the resisting forces ■wliicb tlie body 
struck prosentB to ite presanre, or to the separation of its par- 
ticles, is sufficiently great to destroy the mofion of the ham- 
mer or of the buUet. The motion of a mass regarded as 
taking the place of working force is called the living force (viii 
viva) of the mass. The word " living " has of course here 
no reference whatever to living beings, but is intended to rep- 
resent solely the force of the motion as distinguished from the 
state of unchanged rest — from the gravity of a motionless 
body, for example, which produces an incessant pressure 
against the surfeee which supports it, but does not produce 
any motion. 

In the case before us, therefore, we had first power in the 
form of a falling mass of water, then in the form of a lifted 
hammer, and, thirdly, in the form of the hving force of the 
fallen hammer. We should transform the third form into the 
second, if we, for example, permitted the hammer to fall upon 
a highly elastic steel beam strong enough to resist the shock. 
The hammer would rebound, and in the most favourable case 
would reach a height equal to that from which it feU, but 
would never rise higher. In this way its mass would ascend : 
and at the moment when its highest point has been attained, 
it •svould represent the same number of raised foot-pounds as 
before it fell, never a greater number ; that is to say, living 
force can generate the same amount of work as that ex- 
pended in ita production. It is therefore equivalent to this 
quantity of work. 

Our clocks are driven by means of sinking weights, and 
our watches by means of the tension of springs. A weight 
which lies on the ground, an elastic spring which is without 
tension, can produce no efiects ; to obtain such we must first 
raise the weight or impart tension to the spring, which is 
accomplished when we wind up our clocks and watehes. 
The man who winds the clock or watch communicates to the 
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■weight or to tho spring a certain amount of power, and ex- 
acfly so much as is thus communicated is gradiially given out 
again during tlie following twenty-four hours, the original 
force being thus slowly conaumed to overcome the friction of 
the wheels atid the resistance which the pendulum encounters 
irom the air. The wheel-work of the clock therefore exhibits 
no working force which was not previously communicated to 
it, but simply distributes the force given to it uniformly over 
a, louger time. 

Into the chamber of an air-gun we squeeze, by means of 
a condensing au'-pump, a great quantity of air. When we 
afterwards open the cock of a gun and admit the compressed 
air into the barrel, the ball is driven out of the latter with a 
force similar to that exerted by ignited powder. Now we 
may determine the work consumed in the pumping-in of the 
air, and the living force which, upon firing, is communicated 
to the ball, but we shall never find the latter greater than the 
former. The compreaaed air has generated no workii^ force, 
but simply gives to the bullet that which has been previously 
conamunieated to it. And while we have pumped for perhaps 
a quarter of an hour to charge the gua, the force is expended 
in a few seconds when the bullet is discharged ; but because 
the action ia compressed into so short a time, a much greater 
velocity ia imparted to the ball than would be possible to com- 
municate to it by the unaided effort of the aim in throw- 

■From these examples you observe, and the mathematical 
theory has corroborated this for all purely mechanical, that ia 
to say, for moving forces, that all our machinery and appara- 
tus generate no force, but simply yield up the power com- 
municated to them by natm'al forces, — falling water, movihg 
wind, or by the muscles of men and animals. After this law 
tad been eatabliahed by the great mathematicians of the last 
century, a perpetual motion, which should make only use of 
pure mechanical forces, such as gi'avity, elasticity, pressure oi 
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liquids and gases, could only be sought after by bewildered 
and ill-inBtructed people. But there are stOl other natural 
forces which are not reckoned among the purely moving 
forces, — heat, electricity, magnetism, light, chemical forces, 
all of which nevertheless stand in manifold relation to me- 
chanical processes. There is hardly a natural process to be 
fonnd which is not accompanied by mechanical actions, or 
from which mechanical work may not be derived. Here the 
question of a perpetual motion remained open ; the decision 
of this question marks the progress of modem physics. 

In the case of the air-gun, the work to be accomplished in 
the propulsion of the ball was given by the arm of the man 
who pumped in die air. la ordinary firearms, the condensed 
mass of air which propels the bullet is obtained in a totally 
different manner, namely, by the combustion of the powder. 
Griinpowder is transformed by combustion for the most part 
into gaseons products, which endeavor to occupy a much 
larger space than that previously taken up by the volume of 
the powder. Thus, you see, that, by Uie use of gunpowder, 
the work which the human arm must accomplish in the case 
of the air-gun is spared. 

In the mightiest of our machines, die steam engiae, it is a 
strongly compressed aeriform body, water vapour, which, by 
its eSbvt to expand, sets the machine in motion. Here also, 
we do not condense the steam by means of an external 
mechanical force, but by communicating heat to a mass of 
water in a closed boiler, we change this water into steam, 
which, in consequence of the limits of the apace, is developed 
nuder strong pressure. In this case, therefore, it is the heat 
commuiiiea.ted which generates the mechanical force. The 
heat thus necessary for the machine we might obtain in many 
ways ; the ordinary method is to procure it from the eombas- 
tiou of coal. 

Combustion is a chemical process. A particular constitu- 
ent of our a,tmosphere, oxygen, possesses a strong force of 
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atti-actioQ, or, as it is named in chemistry, a strong affinity 
for the cDDStituenta of the combustible body, which affinity, 
however, in most cases, can only exert itself at high tempera- 
tures. As soon as a portion of tlie c-ombustible body, for ex- 
ample the coal, is sufficiently heated, the carbon unites itself 
with great violence to the oxygen of the atmosphere and forms 
a peculiar gas, caibonio aoid, the same which we see foaming 
from beer and champagne. Eythis combination, light and heat 
are generated ; heat is generally developed by any combination 
of two bodies of strong affinity for each other ; and when the 
heat is intense enough, light appears. Hence, in the steam 
engine, it is chemical processes and chemical forces which pro- 
duce the astonishing wort of these machines. In hke manner 
the combustion of gunpuwder is a chemical process, which, 
in the barrel of the gun, communicates living force to the 
bullet. 

While now the steam engine develops for us mechanical 
work out of heat, we can conversely generate heat by mechani- 
cal forces. A skilful blacksmith can render an iron wedge red 
hot by hammering. The axles of our carriages must be pro- 
tected by careful gi-easing, from ignition through frietioH. 
Even lately this property h^ been applied on a large scale. In 
some factories, where a surplus of water power is at hand, this 
surplus is applied to cause a strong iron plate to rotate swiftly 
upon another, so that they become strongly heated by the fric- 
tion. The heat so obtained warms the room, and thus a stove 
without fuel is provided. Now, could not the heat generated 
by the plates be applied to a small steam engine, which, in its 
turn, should be able to keep the rubbing plates in motion? 
The perpetual motion would thus be at length found. This 
question might be asked, and could not be decided by the 
older mathematlco-meehanical investigations. I win remark, 
beforehand, that the general law which I will lay before you 
answers the question in the negative. 

By a similar plan, however, a speculative American set 
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some time ago the industrial world of Europe in excitemeiit. 
The niagneto-eleetrio maebines often made use of in tlie ease 
of rhetunatde disorders are well known to the public. By 
imparting a swift rotation to the magnet of such a machine, 
we obtain powerful currents of electricity. If those be con- 
ducted through water, the latter will be reduced into its two 
components, oxygen aad hydrogen. By tlie combustion of 
hydrogen, water is again generated. If this combustion takes 
place, not in atmospteric air, of which oxygen only consti- 
tutes a fifth part, but in pure oxygen, and if a bit of chalk be 
placed in the flame, tte ehalk will be raisedto a wbdte heat, 
and give us the sun-like Drammond's light. At the same 
time, the flame develops a considerable quantity of heat. 
Our American proposed to utilize in this way the gases 
obtained firom electrolytic decomposition, and asserted that by 
the combustion a suStcIent amoant of heat was generated to 
keep a small steam engine in action, which again drove his 
magnetoHslectric machine, decomposed the water, and thus 
continually prepai-ed its own fuel. This would certainly have 
been the most splendid of all discoveries ; a perpetual motion 
which, besides the force which kept it going, generated light 
like the sun, and wormed all aa-ound it. The matter was by 
no means badly cogitated. Bach practical step in the affair 
was known to be possible ; but those who at that time were 
acquainted with the physical investigations which bear upon 
this subject could have affirmed, on the first hearing the 
report, that the matter was to be numbered among the numer- 
ous stories of the fable-rich America ; and indeed, a fable it 
remained. 

It is not necessary to multiply examples furtlier. You 
will infer from those given, is T^hat immediate connection 
heat, electricity, magnetism, light, and chemical affinity, stand 
with mechanical forces. 

Starting from each of these different manifestations of 
natural forces, we can set every other in motion, for the most 
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part not in one way merely, but in many waya. It is liere as 
with the weaver's web, — 

"Where a step stirs a thousand threads, 

The shnttles shoot from side to aide, 

The fibres fiow unseen, 

And one shock strikes a thousand comhinationa. 

Kow it 13 dear that if by any means we could succeed, as 
the above American professed to have done, by mechanical 
forces, to excite chemical, electrical, or other natnial pro- 
cesses, which, by any circuit whatever, and without altering 
permanently the active masses in tbe machine, could produce 
mechanical force in greater quantity than that at first applied, 
a portion of the work thus gained might be made use of to 
keep the machine in motion, while Ifee rest of the work might 
be applied to any other pnrpose whatever. The problem 
was, to find in the complicated net of reciprocal actions, a 
track through chemical, electrical, magnetical, and thermic 
processes, back to mechanical actions, which miglit be followed 
with a final gain of mechanical wort ; thus would the perpet- 
ual motion be fotmd. 

But, warned by the futility of former experiments, the 
public had become wiser. On, the whole, people did not seek 
m.uch ailer combinations which promised to furnish a perpetual 
motion, but the question was inverted. It was no more 
asked. How can I make xise of the known and unknown rela- 
tions of natural forces so as to construct a perpetual motion? 
but it was asked, If a perpetual motion, he impossible, what 
are the relations which must subsist between natural forces? 
Everything was gained by this inversion of the question. 
The relations of natural forces rendered necessary by the 
above assumption, might be easily and completely stated. It 
was found that aU known relations of force harmonize with 
the consequences of that assumption, and a series of unknown 
relations were discovered at the same time, the o 



...Coogic 



224 IHTEEAOnON OF HATtTBAL F0ECE8. 

which remained to be proved. If a single one of them could 
be proved false, then a perpetual motion wotdd be possible. 

The first who endeavoured to travel this way was a FreacJh- 
man, named Caniot, in the year 1824. In spite of a too 
limited conception of hia subject, and an incorrect view as to 
the nature of heat, which led him to some erroneous conclu- 
sions, his experiment was not quite unsuccessful. He dis- 
covered a law which now bears his name, and to whichl-vvill 
return further on. 

His labors remained for a long time without notice, and it 
was not till' eighteen years afterwards, that is, in 1842, that 
different investigators in different countries, and independent 
of Camot, laid hold of the same thought. 

The first who saw truly the general law here referred to, 
and expressed it correctly, was a German physician, J. E. 
Mayer, of Heilbronn, in the year 1842. A little later, in 
1843, a Dane, named Colding, presented a memoir to the 
Academy of Copenhagen, in which the same law found utter- 
ance, and some experiments were desciibed for its further 
corroboration. In England, Joule began about the same time 
to make experiments having reference to the same subject. 
We often find, in the case of questions to the solution of 
which the development of science points, that several heads, 
quite independent of each other, generate exactly the same 
series of reflections. 

I myself, without being acquainted with either Mayer or 
Colding, and having first made the acquaintance of Joule's 
experiments at the end of my investigation, followed the same 
path. I endeavoured to ascertain all the relations between the 
difi'erent natural processes, which followed from our regarding 
them from the above point of view. My inquiry was made 
public in 1847, in a small pamphlet beaiing the title, " On 
the Conservation of Force." 

Since that time the interest of the scientific public for this 
enbject has gradually augmented. A groat number of the 
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essential consequences of the above manner of viewing tha 
subject, tlie proof of which was wanting when the fli'st 
theoretic notions were publisheil, have since been confirmed 
by experiment, particnltvrly by those of Jonle ; and during 
the last year the most eminent physicist of Prance, Regnault, 
has adopt«d the new mode regarding the question, and by 
fresh investigations on the specific heat of gases has contri- 
buf«d much to its support. For some important consequences 
the experimental proof is still wanting, but the number of 
confirmations is so predominant, that I have not deemed it 
too early to bring the subject before even a non-scienliflc 
audience. 

How the question has been decided you may already infer 
from what has been staf«d. In the series of natui-al processes 
there is no circuit to be found, by which mechanical force can 
be gained without a corresponding consumption. The per- 
petual motion remains impossible. Our reflections, however, 
gain thereby a higher interest. 

We have thus far regarded the devetopment of force by 
natural processes, only in its relation to its usefulness to man, 
as mechanical force. You now see that we have arrived at a 
general law, which holds good wholly independent of the 
application wliich man makes of natural forces ; we must 
therefore make the expression of our new law correspond to 
this more general significance. It is in the first place clear, 
that the work which, by any natural process whatever, is per- 
formed under favourable conditions by a ma«hine, and which 
may be measured in the way already indicated, may be used 
as a measure of force common to alL Further, the impor- 
tant question ai-ises, " If the quantity of force cannot be aug- 
mented except by corresponding consumption, can it be 
diminished or lost? For tlie purpose of our machines it cer- 
tainly can, if we neglect the opportunity to convert natural 
processes to use, but as investigation has proved, not for a 
nature as a whole." 
10* 
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In tlie coUiaion and friction of Lodies against eacli other, 
the mecIianicB of fonner years assumed simply that lining 
force -was lost. But I have already stated that each collision 
and each act of friction generates heat ; and, moreover, Joule 
has established by experiraent the important law, that for 
every foot-pound of force which is lost, a definite quantity of 
heat is always generated, aiid that when work is pei-formed 
by the consumption of heat, for each, foot-pound thus gained a 
deflnite quantity of heat disappears. The quantity of heat 
necessary to raise the temperature of a pound of water a de- 
gree of the eeEtigrade thermometer, corresponds to a mechani- 
cal force by which a ponnd weight would be raised to the 
height of 1350 feet ; we nanie this quantity the mechanical 
equivalent of heat. I may mention here that these facts con- 
duct of necessity to the conclusion, that the heat is not, as 
was formerly imagined, a fine imponderable sidDStanee, but 
that, like light, it is a peculiar shivering motion of the ulti- 
mate particles of bodies. In collision and friction, according 
to this manner of viewing the subject, the motion of the mass 
of a body which is apparently lost is converted into a motion 
of the ultimate particles of the body ; and conversely, when 
mechanical force is generated by heat, the motion of the ulti- 
mate particles is converted into a motion of the mass. 

Chemical combinations generate heat, and the quantity of 
this heat is totally independent of the time and steps through 
which the combination has been effected, provided that other 
actions are not at the same time brought intoplay. If, however, 
mechanical work is at the sanae time accomplished, as in the 
case of the steam engine, we obtain as much less heat as is 
equivalent to this work. The quantity of work produced by 
chemical force is in general very great. A pound of the 
purest coal gives, when burnt, sufficient heat to raise the tem- 
perature of 8086 pounds of water one degree of the centi- 
gi-ade thermometer ; from this we can calculate that the mag- 
nitude of the chemical force of attraction between the parti- 
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elea of a pound of coal and tlie quantity of oxygen tliat corre- 
sponds to it, is capable of lifting a weight of one himdi-ed 
pounds to a height of twenty miles. Unfortimately, in our 
steam engines, we have hitherto been able to gain only the 
smallest portion of this work ; the greater part is lost in the 
shape of heat. The best expansive engines give back as 
mechanical work only eighteen per cent, of the heat generated 
by the fiiel. 

From a similar investigation of all the other known physi- 
cal and chemical processes, we arrive at the conclusion that 
Nature as a whole possesses a store of force which cannot in 
any way be either increi^ed or diminished. And that, there- 
fore, the quantity of force in nature is just as eternal and 
unalterable as the quantity of matter. Expressed in this form, 
I have named the general law " The Principle of the Conser- 
vation of Force." 

We cannot create mechanical force, but we may help otuv 
selves from the general store-house of Nature. The brook 
and the wind, which drive our mills, the forest and the coal- 
bed, which supply our steam engines and warm our rooms, 
are to us the bearers of a small portion of the great natural 
supply which we draw upon for our pui-poses, and the actions 
of which we can apply as we think fit. The possessor of a 
mill claims the gravity of the descending rivulet, or the living 
force of the moving wind, as his possession. These por- 
tions of the store of Nature are what give his property its 
cliief value. 

Further, from the fact that no portion of force can be 
absolutely lost, it does not foUow that a portion may not be 
inapplicable to human purposes. In this respect the infer- 
ences drawn by Wilhaia Thomson from the law of Carnot 
are of importance. This law, which was discovered by Car- 
not during his endeavours to ascertain the relations between 
heat and m.echanical force, which, however, by no means 
belongs to the necessary consequences of the conservation of 
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force, and whicli Clausius waa the first to modify in audi a 
maimer that it no longer contradicted the above general law, 
expresses a certain relation Ijetweon the compressibility, the 
capacity for heat, and the espansion hy heat of all bodies. It 
is not yet considered as actually proved, but some remarkable 
deductions having been.drawH fi'om it, and afterwards proved 
to be facta by experiment, it has attained thereby a great 
degree of probability. Besides the mathematical form in 
■which the law waa first expressed by Camot, we can give it 
the following more general expression ; — " Only when heat 
passes from a warmer to a colder body, and even then only 
partially, can it be converted into meehanical work." 

The heat of a body which vte cannot cool further, cannot 
be changed into another form of force , into the electric or 
chemical toroe, foi extmple Thus, m our steam engines, 
we convert a portion ot the heat it the glowing coal into 
work, by permitting it to pai"? to the less warm water of the 
boiler. If, however, all tlie bodies m nature had the same 
temperature, it would be impossible to convert any portion of 
their heat into mechanical work. Accoiviing to this, we can 
divide the total force store of the nniverae into two parts, one 
of which is heat, and must continue fo be such ; the other, to 
which a portion of the heat of tlie warmer bodies, and the 
total supply of chemical, mechanical, electrical, and magneti- 
cal forces belong, is capable of the most varied changes of 
form, and constitutes the whole wealth of change which takes 
place in nature. 

But the heat of the warmer bodies strives perpetually to 
pass to bodies less warm by radition and conduction, and thus 
to establish an equilibrium of temperature. At each motion 
of a terrestrial body, a portion of mechanical force passes by 
friction or collision into heat, of which only a part can be 
converted back again into mechanical force. This is also 
generally the case in every electrical and chemical process. 
From this, it follows that the first portion of the store of forcej 
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the imchaiigeablo lieat, ia augmented by every natural pro- 
cess, wliile tie second portion, mcchaaical, electrical, and 
cbemical force, must be diminished ; so tbat if the uniyerse 
be delivered over to the undisturbed action of its physical pro- 
cesses, all force will finally pass iuto the form of heat, and all 
heat come into a state of equilibrium. Then all possibility of 
a further change would be at an end, and the complete cesaa- 
tioa of all natural processes must set in. The life of men, 
animals, and plants, dmld not of course continue if the sun 
had lost its high temperature, and with it his light, — if aU the 
componeats of the earth's surface had closed those combina- 
tions which their affinities demand. In short, the universe 
from tbat fame forward would be condemned to a state of 
eternal rest. 

These consequences of the law of Camot are, of course, 
only valid, provided that the law, when sufficiently tested, 
proves to be universally correct. In the m,eatt time tliere is 
little prospect of the law being proved incorrect. At all 
events we must admire the sagacity of Thomson, who, ia the 
letters of a long known little mathematical formula, which 
only speaks of the heat, volume, and pressure of bodies, 
was able to discern consequences which threatened the uni- 
verse, though certainly after aa infinite period of time, with 
eternal death. 

I have already given you notice that our path lay through 
a thorny and unrefreshing field of mathematico-mechanical 
developments. We have now left: this portion of our road 
behind u'* The gineral principle which I have sought to lay 
before you has conducted us to a point from which our view 
is a wide oae, and, aided by this principle, we can now at 
pleasure regard this or the other side of the siirrounding 
world, according as oui interest in the matter leads us. A 
glasioe mto the narrow laboratory of the physicist, with its 
small appliances and comphcated abstractions, will not be so 
attractive as a glance at the wide heaven above us, the clouds, 



...Coogic 



HATOKAl. FOSOEa. 

the rivera, the woods, and the living beings around us. Wtile 
regarding tlie laws whicli have been deduced from tie physi- 
cal proceBses of terrestrial bodies, as applicable also to the 
heavenly bodies, let me remind you that tlie same force which, 
acting at the earth's surface, we call gravity (Schmere), acts 
as gravitation in tlie celestial spaces, and also manifests it^ 
power in the motion of the immeaanrably distant double stars 
which ai-a governed by sxaetly the same laws as those sub- 
sisting between the earth and moon ; that, therefore, the 
light and heat of terrestrial bodies do not in any way differ 
essentially from those of the snn, or of the most distant fixed 
star ; that the meteoric stones which sometimes fall from ex- 
ternal space upon the earth are composed of exactly the same 
simple chemical suhstaQces as those with which we are 
acquainted. We need, therefore, feel no scruple in granting 
that general laws to which all terrestrial natural processes 
are subject, are also valid for other bodies than the earth. 
We will, therefore, mate use of our law to glance over tho 
household of the universe with respect to the store of force, 
i*apahle of action, which it possesses. 

A number of singular peenharities in the structure of our 
planetary system indicate that it was once a connected mass 
with a uniform motion of rotation. Witliout such au assump- 
tion, it is impossible to explain why ah. the plaaels move in the 
same direction round tlje sun, why they all rotate in the same 
direction round their axes, why the planes of their orbits, and 
those -of their satellites and rings all nearly coincide, why all 
theii' orbits differ but little from circles; and much besides. 
From these remaining indications of a former state, astrono- 
mers have shaped an hypothesis regarding the formation of 
our planetary system, which, although from the nature of the 
case it must ever remain an hypothesis, still in its special 
traits is so welt supported by analogy, that it certainly de- 
serves our attention. It was Kant, who, feeling great inter- 
est in the physical description of the earth and the planetary 
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system, undertook tho labour of studying the works of New- 
ton, and aa an eTidenee of tke depth to which he had pene- 
trated into the fiindamental ideas of Newton, seized the aotioc 
that the same attractive force of all ponderable matter which 
now supports the ajotion of the planets, mnst also aforetime 
have been able to form from matter loosely scattered in space 
the planetary system. Afterwards, and independent of Kant, 
Laplace, the great author of the Mecamgue CUeste, laid hold 
of the same thought, and introduced it among astronomers. 

The eomm.encement of our planetary system, including 
the Bun, must, according to this, be regarded as an immense 
nebulous mass which filled the portion of space which is now 
occupied by our system, far beyond the limits of Neptune, 
our most distant planet. Even now we perhaps see similar 
masses in the distant regions of the firmament, as patches of 
nebulse, and nebulous stars ; within our system also, comets, 
the zodiacal light, the corona of the sun during a total eclipse, 
exhibit renmants of a nebulous substance, which is so thin 
that the light of the stars passes through it unenfeebled and 
unrefracted. If we calculate the density of the mass of our 
planetaiy system, according to the above assumption, for the 
time when it was a nebulous sphere, which reached to the 
path of the outmost planet, we should find that it would 
require several cubic miles of such matter to weigh a siagle 

The general attractive force of all matter must, however, 
impel these masses W approach each other, and to condense, 
so that the nebulous sphere became incessantly smaller, by 
which, according to mechanical laws, a motion of rotation 
ori^nally slow, and the existence of which must be assumed, 
would gradually become quicker and quicker. By the cen- 
trifugal force which must act most energetically in the neigh- 
bonrhood of the equator of the nebulous sphere, masses 
■ could from time to time be torn away, which afterwards would 
continue their courses separate from the main mass, forming 
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themselves iato siagle planets, or, similar to the great origi* 
nal sphere, info planets ■with satellites and rings, until finally 
the principal mass condensed itself into the snn. With 
regard to the origin of heat and light, this view gives us no 
information. 

"When the nebulous chaos first separated itself from other 
fisied star masses, it must not only have contained all kinds 
of matter which was to constitute the future planetary sys- 
tem, but also, in aooordance with our new law, the whole 
siore of force which at one time must unfold therein its wealth 
of actions. Indeed in this respect an immense dower was 
bestowed in the shape of the general attraction of all the par- 
ticles for each other. This force, which on the earth exerts 
itself as gravity, acts in the heavenly spaces as gravitation. 
As terrestrial gravity when it draws a weight downwards 
performs work and generates vis viva, so also the heavenly 
bodies do the same when they draw two portions of matter 
from distant regions of space towards each other. 

The chemical forces must have been also present, i-eady 
to act; but aa these forces can only come into opei-ation 
by the most intimate contact of the different masses, con- 
densation must have taken place before the play of chemical 
forces began. 

Whether a still flirther supply of force in the shape of 
heat was present at the commencement we do not luiow. At 
all events, by aid of the law of the equivalence of heat and 
work, we find in the mechanical forces, existing at the time 
to which we refer, such a rich source of heat and light, that 
there is no necessity whatever to take refuge in the idea of a 
store of these forces originally existing. When through con- 
densation of the masses their particles came into collision, 
and clung to each other, the vis viva of their motion would be 
thereby annihilated, and must reappear as heat. Already in 
old theories, it has been calculated, that cosmical masses must 
generate heat by their collision, but it was far from any body's 
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thought, to make even a guess at tlie amount of lieat to be 
generated in this way. At present we caa gi-re definita 
numerical values with certainty. 

Let us make this addition to our ^sumption ; tiiat, at the 
commencement, the density of the nebulous matter was a van- 
ishiiig qaaEtJty, as compai-ed with the present density of the 
sun and planets ; we can then calculate how much work has 
been performed by the condensation ; we caa further calcu- 
late how much of this work still exists in the form of meehani- 
cal force, as attraction of the planets towards the sun, and as 
■vis viva of their motion, and find, by this, how much of the 
force baa been conyerted into heat. 

The result of this calculation is, that only about the iCith 
part of the original mechanical force remains ai such, anl 
tbat the remainder, converted into heat, would he sufficient tf 
raise a mass of water equal to the sun and planets taken to- 
gether, not less than twenty-eight millions of degiees of the 
centigrade scale. For the sake of comparison, I will mentioa 
that the highest temperatui-e which we can produce by the 
oxyhydrogen blowpipe, which is sufficient to fuse and vapor- 
ize even platina, and which but few bodies can endtu'e, is 
estimated at about two thousand centigrade degrees. Of the 
action of a temperature of twenty-eight millions of such de- 
grees we can form no notion. If the mass of our entire sys- 
tem were pure coal, by the combustion of the whole of it only 
the 3500th part of the above quantity would be generated. 
This is also clear, that such a development of heat must have 
presented the greatest obstacle to the speedy union of the 
masses, that the larger part of the heat must have been 
diffiised hy radiation into space, before the masses could form 
bodies possessing the present density of the sun and planets, 
and that these bodies most once have been in a state of flery 
fluidity. This notion is corroborated by the geological phe- 
nomena of our planet ; and witii regard to the other planetary 
bodies, the flattened form of the sphere, which if the form of 
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equilibrium of a fluid maaa, is indicative of a former state of 
fluidity. If I thus permit an immense quantity of heat 
to disappear witiiout eompensatioa from our system, tlie 
principle of the conservation of force is not therehy invaded. 
Certainly for onr planet it is lost, but not for the universe. 
It has proceeded outwards, and daily proceeds outwards into 
infinite space ; and we know not whether tlie medium whicli 
transmits the undulations of light and heat possesses an end 
where the rays must return, or whether they eternally pursue 
their way through inflnitude. 

The store of force at present possessed by our system, is 
also equivalent to immense quantities of heat. If our earth 
were by a sudden shock brought to rest on her orbit — which 
is not to be feared in the esisting arrangements of our system 
— by such a shock a quantity of heat would be generated 
equal to tliat produced by the combustion of fourteen such 
earths of solid coal. Making the most unfavourable assump- 
tion as to its capacity for heat, that is, placing it equal to that 
of water, the mass of the earth would thereby be heated 11,200 
degrees ; it would therefore be quit* fused and for the most 
part reduced to vapour. If, Ihea, the earth, after having been 
thus brought to rest, should fall into the sun, which of course 
would be the case, the quantity of heat developed by the shock 
would be four hundred times greater. 

Even now, from time to time, such a process is repeated 
on a small scale. There can hardly be a doubt that meteors, 
Bre-balls, and meteoric atones, are masses which belong to 
the universe, and before coming into the domain of our eaiih, 
moved like the planets round the sun. Only when they ent«r 
our atmosphere do they become visible and fall sometimes to 
the earth. In order to explain the emission of light by 
these bodies, and the fact tliat for some time aft«r their 
descent they are very hot, tie Mction was long ago thought 
of which tiey experience in passing through the air. We 
can now calculate that a velocity of 3000 feet a second, 



...Coogic 



THE n&HT AHD HEAT OP METEORS. 335 

suppoamg the whole of the friction to be expended in heating 
the solid mass, would raise a piece of meteoric iron 1000° C. 
in temperature, or, in other wordiS, to a vivid red heat. Now 
the average velocity of the meteors seems to be thirty or forty 
times the above amount. To compensate this, however, the 
greater portion of the heat is, doabtless, carried away by the 
condensed mass of air which tlie meteor drives before it. It 
is known that bright meteors generally leave a luminous trail 
behind them, which probably eonaiats of several portions of 
the red-hot surfaces. Meteoric masses which fell to the earth 
often bm-st with a violent explosion, which may be regarded 
as a result of the qtiick heating. The newIy-faUen pieces 
have been for Ibe most part found hot, but not red-hot, which 
is easily explainable by the circumstance, that during the 
short time occupied by the meteor in passing through the 
atmosphere, onlya thin, euperficial layer is heated to redness, 
while but a small quantity of heat has been able to penetirafe 
to the intei'ior of the mass. For this reason the red heat can 
speedily disappear. 

Thus has the fiiUing of the meteoric stone, the minute 
remnant of processes which seems to have played an impor- 
tant part in the formation of tlie heavenly bodies, conducted 
lis to the present time, where we pass from the darkness of 
hypothetical views to the brightness of knowledge. In what 
we have said, however, all that is hypothetical is the assumi> 
tion of Kant and Laplaee, that the masses of our system were 
once distributed as nebwlse in space. 

On account of the rarity of the case, we wiU still further 
remark, in what close coincidence the results of science here 
stand with the earlier legends of the human famOy, and the 
forebodings of poetic fancy. The cosmogony of ancient nit- 
tions generally commences with chaos and darltness. 

Neither is the Mosaic tradition very divergent, particu- 
larly when we remember that that which Moses names heaven 
is different from the bine dome above us, and is synonymous 



...Coogic 



23S INTEEA-CnON OP NATUEiAL FORCES. 

witt Space, and that tlie unformed earth, and the ivatcrg of 
the great deep, which were afterwards divided into waters 
above the firmament, and waters below the firmament, resem- 
bled the cbaotic components of the world. 

Our earth bears still the nmnistakable traces of its old 
fiery fluid condition. The granite formations of her moun- 
tains exhibit a structure, which can only be prodnced by the 
crystallization of fused masses. Investigation still shows 
tdat the temperature in mines, and borings, increases as we 
descend ; and if this increase is uniform, at the depth of fifty 
miles, a heat exists sufficient to fuse all om- minerals. Even 
now our volcanoes project, from time to time, mighty masses . 
of fused rocks from their interior, at a testimony of the heat 
which existH there. But the cooled cmst of the earth has 
already become so thick, that, as may be shown by calcula- 
tions of its conductive power, the heat coming to the surface 
from within, in comparison with that reaching the earth fr-om 
the sun, is exceedingly imall, and increases the temperature 
of the surface only about one tliirtieth of a degree centigrade ; 
so that the remnant of the old store of force which is enclosed 
as heat within the bowels of the earth, has a sensible influence 
upon the processes at the earth's sm-fece, only through the 
instrumentality of volcanic phenomena. Tliese processes owe 
their power ahnost wholly to (Ae action of otliei- heavenly hodies, 
particularly to the light and heat of the su«, and partly also, 
in ihe case of the tides, to the attraction of the sun and moon. 

Moat varied and numerous are the changes which we owe 
to the light and heat of the stm. The sun heats our atmos- 
phere irregularly, the warm rarefied air ascends, while fresh 
cool air flows from-the sides to supply its place ; in this way 
winds are generated. This action is most powerfnl at the 
equator, the warm air of which incessantly flows in the upper 
regions of tlie atmosphere towards the poles : while just as 
persistently, at the earth's surface, the trade wind carries new 
and cool air to the equator. Without the heat of the sua all 
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■winds nittst, of necessity, cease. Similar currents arc pro- 
duced by the same cause in the ivaters of the sea. Their pow- 
er may be inferred from the influence which in some cases 
they exert upon climate. By them the warm water of the 
Antilles is carried to the British Isles, and confers upon them 
a mild, uniform warmth and rich moisture ; while, through 
similar causes, the floating ice of the North Pole is carried to 
the coast of Newfoundland, and produces cold. Further, by 
the heat of the eua, a portion of the water is converted into 
vapour which rises in the atmosphere, is condensed to clouds, 
or falls in rain and snow upon the earth, collects in the form 
of springs, brooks, and rivers, and finally reaches the sea 
again, after having gnawed the rocks, carried away the light 
earth, and thus performed its part in the geologic changes of 
the earth ; perhaps, besides all this it has driven our water- 
mill upon its way. If the heat of the sua were withdrawn, 
there would remain only a single motion pi water, namely, 
the tides, which are produced by the attraction of the sun and 

How is it, now, with the motions and the work of organic 
beings. To the builders of the automata of the last century, 
men and animals appeared as clockwork which was never 
wound up, and created the force which they exerted out of 
nothing. They did not know how to establish a connection 
between the nutriment consumed and the work generated, 
Since, however, we have learned to discern in the steam-en- 
gine this origin of mechanical force, we must inquire whether 
somethiag similar does uot hold good with regard to men. In- 
deed, the continimtioo of life is dependent on the consumption 
of nutritive materials : these are combustible substances, which, 
after digestion and being passed iato the blood, actually under- 
go a slow combustion, and finaDy enter into ahnost the same 
combinations with the oxygen of the atmosphere that are pro- 
duced in an open fire. As the quantity of heat generated by 
combustion is independent of the duration of the combustion and 
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the steps in which it occurs, wo can calculate from the mass o£ 
the consumed material how much heat, or its equivalent work 
ia thereby generated in an animal body. Unfortimately, the 
difficulty of the experiments ia still Teiy great ; but tvithin 
those limits of accuracy which have been as yet attainable, the 
experiments show that the heat generated in the animal body 
coiTcspoads to the amount which would be generated by the 
chemical processes. The animal body therefore does not differ 
fi-om the steam-engine, as regards the manner in which it 
obtains heat and force, but does differ from it in the man- 
ner in which the force gained is to be made use of. The 
body ia, besides, more limited than the machine in tie choice 
of its fuel ; the latter could be heated with siigar, with staa-ch- 
flour, and butter, just as well as with coal or wood ; the ani- 
mal body must dissolve its materials artificially, and distribute 
them through its system ; it must, further, perpetually renew 
the used-up materials of its organs, and as it cannot itself 
create the matter necessary for this, the matter must come 
from without. Liebig waa the first to point oat these various 
uses of the consumed nutriment. As material for die perpet- 
ual renewal of the body, it seems that certain definite albumi- 
nous substances which appear in plants, and form the chief 
mass of the animal body, can alone be used. They form only 
a portion of the mass of nutriment token daily ; the remain- 
der, sugar, starch, fat, are really only materials for warmiog, 
and are perhaps not to be superseded by coal, simply because 
the latter does not permit itseff to be dissolved. 

If, then, the processes in the animal body ai-e not in this 
respect to be distinguished from inorganic processes, the ques- 
tion- arises, whence comes the nntriment which constitutes 
the source of the body's force? The answer is, from the 
vegetable kingdom ; for only the material of plants, or the 
flesh of plant-eating animals, can be made use of for food. 
The animals which iive on plants occupy a mean position 
between carnivorous animals, in which we reckon man, and 



...Coogic 



SOLAE OBieiN OF OEGAHIO FOBCE. 239 

vegetables, wliich flie former couM not make nee of immedi- 
ately as nEtriment. In tay and grass the same nutritive aub- 
staaces are present as in meal and flour, but in less quantity, 
As, however, the digestive organs of man aie not in a condi- 
tion to extract the small quantity of the useful from the great 
excess of the insoluble, we submit, in the first plaee, these 
substances to the powerful digestion of the ox, permit the 
nourishment to store itself in the animal's body, in order in 
the end to gain it for ourselves in a more agreeable and use- 
ful form. In answer to our question, therefore, we are re- 
ferred to the vegetable world. Now when what plants talte 
in and what they give out are made the subjects of investiga- 
tion, we find that the principal part of the former eonsiste in 
the products of combustion which are generated by the ani- 
mal. They take the consumed carbon given off in respii-a- 
tion, as carbonic acid, from the air, the consumed hydrogen 
as water, the nitrogen in its simplest and closest combination 
as ammonia ; and from these materials, with the assistance 
of small ingredients which they take from the soil, they gen- 
erate anew the compound combustible substances, albumen, 
sugar, oil, on which the animal subsists. Here, therefore, is 
a circuit wbich appears to be a perpetual store of force. 
Hants prepare fuel and nutriment, animals consume these, 
burn tlient slowly in their lungs, and from the products of 
combustion the plants again derive their nutriment. The 
latter is an eternal source of chemical, the former of mechan- 
ical forces. Would not the combination of both organic king- 
doms produce the perpetual motion ? We must not conclude 
hastily : further inquiry shows, that plants are capable of pro- 
ducing combustible substances only when they are under the 
influence of the sun. A portion of the sun's rays exhibits a 
remarkable relation to chemical forces, — it can produce fliid 
destroy chemical combinations ; and these rays, which for the 
most part are blue or violet, are called therefore chemical 
rays. We make use of tlioir action in the production of pho- 
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tograplis. Here compounds of silver are decomposed at the 
place where the sun's rays strike them. The same rays over- 
power in the green leaves of plants the strong chemical affinity 
of the carbon of the carbonic acid for oxygen, give back the 
latter free to fJie atmosphere, and accumulate the other, in 
combination with other bodies, as woody fibre, starch, oil, or 
resin. These chemically active rays of the sun disappear 
completely as soon as they eneonnter the gi'een portions of the 
plants, and hence it is that in dagnerrotype images the green 
leaves of plajits appear uniformly black. Inasmuch as the 
light coming from them does not contain the chemical rays, it 
is unable to act upon the silver cojupoimds. 

Hence a certain portion of force disappears from the sun- 
light, while combustible substances are generated and accumu- 
lated in plants ; and we can assume it as very probable, that 
the former is the cause of the latter. I must indeed remark, 
that we are in possession of no experiments from which we 
might determine whether the vis viva of the sun's rays which 
have disappeared, corresponds to the chemical forces accumu- 
lated during the same time ; and as long as these experiments 
are wanting, we eanaot regard the stated relation as a cer- 
tainty. If this view should prove correct, we derive from it 
the flattering result, that all force, by means of which our bodies 
live and move, finds its source in the purest sunlight ; and 
henee we are aU, in point of nobility, not behind the race of the 
great monarch of China, who heretofore alone called himself 
Son of the Sim. But it must also be conceded that our lower 
feUow-heings, the frog and leech, share the same ethereal 
origin, as also the whole vegetable world, and even tlie fuel 
which comes to us from the ages past, as well as the youngest 
offspring of the forest with which we heat our stoves and set 
our machines in motion. 

Tou see, then, that the immense wealth of ever-chan^ng 
meteorological, climatic, geological, and organic processes of 
our earth are almost wholly preserved in action by the light 
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and healrgiving rays of tte sun ; and you see in this a re- 
maikable example, how Protens-lik© the effects o£ a single 
cause, uader altered external conditions, may exhibit itself in 
nature. Besidea these, the earth experiences an action of 
another kind from its central luminary, as well as from its 
satellite the moon, which exhibits itself in the remarkable 
phenomenon of the ebb and flow of the tide. 

Each of these bodies excites, by its attraction upon the 
waters of the sea, two gigantic waves, which flow in the same 
direction round the world, as the attracting bodies themselves 
apparently do. The two waves of the moon, on account of 
her greater nearness, are about three and a half times as large 
as those excited by the sun. One of these waves haa its crest 
on the quarter of the earth's surface wliich is tamed towards 
the m.oon, the other is at the opposite side. Both these quar- 
ters possess the flow of the tide, while the regions which lie 
between have the ebb. Although in the open sea the height 
of the tide amounts to only about three feet, and only in cer- 
tain narrow channels, where the moving water is squeezed 
together, rises to thirty feet, the might of the phenomena is 
nevertheless manifest from the calculation of Beeael, accord- 
ing to which a quarter of the earth covered by the sea pos- 
sesses, during the flow of the tide, about 25,000 cubic miles 
of water more than during the ebb, and that therefore such a 
mass of water must, in six and a quarter hours, flow from 
one quarter of the earth to the other. 

The phenomena of the ebb and flow, as already recognized 
by Mayer, combined with the law of (lie conservation of force , 
stand in remarkable connection witli the question of die sta^ 
bOity of our planetary system. The mechanical theory of the 
planetary motions discovered by Newton teaches, that if a 
solid body in absolute vacuo, attracted by the sun, move 
around him in the same manner as the planets, this motion 
wiU endure unchanged through all eternity. 

Now we have actually not only one, but several such 
11 
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planets, wLicii move around the eun, and by fJieir mutual 
attraction create little changes and diafaibances in eacii othcr'a 
paths. Nevertheless Laplace, in his great work, the Mecom,- 
igue Cilesfe, has proved that in onr planetary system all tliese 
disturbances increase and diminish periodically, and can never 
exceed certain limits, so that by this cause the et«mal exist- 
ence of the planetary system is unendangeFed. 

But I have already named two assumptions which must be 
made : first that the celestial spajsea mnat be absolutely empty ; 
and secondly, that the sun and planets must be solid bodies. 
The first is at least the case as far as astronomical observa- 
tions reach, for they have never been able to detect any retar- 
dation of the planets, such %& would occur if they moved in. a 
resisting medinm. But on a body of less mass, the comet of 
Encke, changes are observed of snch a nature : this eomct de- 
scribes ellipses round tie sun which are becoming gradually 
smaller. If this kind of motion, which certainly corresponds 
to that through a resisting medium, be actually due to the ex- 
istence of such a mediujH, a time will come when the comet 
will strike the sun ; and a similar end threatens all the planets, 
although after a time, the length of which baffles our imagina- 
tion to eoneeiye of it. But even should the existence of a re- 
sisting medium appear doubtful to ns, there is no doubt that 
the planets are not wholly composed of solid materials which 
are inseparably bound together. Signs of the existence of an 
atmosphere are observed on the Sun, on Venus, Mars, Jupi- 
ter, and Satarn. Signs of water and ice upon Mars ; and 
our earth has undoubtedly a fluid portion on its surface, 
and perhaps a still greater portion of flnid within it. The 
motions of the tides, however, produce friction, all friction 
destroys vis viva, and the loss in this ease can only affect the 
.vis viva of the planetary system. We come thereby to the 
imavoidable conclusion, that every tide, although with infinite 
slowness, still with certainty, diminishes the store of mechani- 
cal force of the system ; and as a consequence of this, the ro- 
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tatien of the planets in question round tieir axes nraat Lecome 
more slow ; they inust therefore approach the snn, or their 
satellites must approach them. What length of time must 
pass hefore the length of our day is ■Siminished one second by 
the action of the tide cannot be calculated, until the height 
and time of the tide in all portions of the ocean are known. 
This alteration, however, takes place with extreme slowness, 
as is known by the consequences which Laplace has deduced 
from tlie obseryatious of Hipparchus, according to which, 
tluring a period of 3000 years, the duration of the day has 
not been shortened by the one three hundredth part of a sec- 
ond. The final consequence would be, but after millions of 
years, if in the mean time the ocean did not become frozen, 
that one side of the earth would be constantly turned towards 
the sun, aad enjoy a perpetual day, whereas the opposite side 
would be involved in eternal night. Such a position we 
observe in our moon with regard to the earth, and also in the 
case of the satellites as regards their planets ; it is, perhaps, 
due to the action of the mighty ebb and flow to which these 
bodies, in the time of tlieir flery fluid condition, were sub- 
jected. 

I would not liavc brought forward these conclusions, which 
again plunge us in the most distant future, if they were not 
unavoidable. Physico-meclianical laws are, as it were, the 
telescopes of our spiritual eye, which can penetrate into the 
deepest night of time, past and to come. 

Another essential question as regards the future of our 
planetary system has reference to its future temperature and 
illumination. As the internal heat of the earth has but little 
influence on the temperature of the surface, the heat of the 
son is the only thing which essentially afiects the question. 
The quantity of heat falling from the sun during a given time 
upon a given portion of the earth's surface may be measured, 
and from this it can be calculated how much heat in a given 
time is sent oat from the entire sun. Such measurements 
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liavo boen made by the French physicist Powillet, and it has 
been found that the sun gives out a qiiantity of heat per liour 
equal to that which a layer of the densest coal ten feet thick 
would give out by its combustion ; and hence in a year a 
quantity equal to the combustion of a layer of seventeen miles. 
If this heat were drawn uniformly from the entire mass of the 
sun, ita temperature would only be diminished thereby one and 
one third of a degree centigrade per year, assuming its <Sipa- 
citj- for heat to be equal to that of water. These results can 
give us an idea of the magnitude of the emission, in relation 
to the surface and naass of fJie sun ; but they cannot inform 
us whether the stm radiates heat as a glomng body, -which 
since its formation has its heat accumiilated within it, or 
whether a new generation of Leat by chemical processes 
takes pla«e at the sun's surface. At all events the law of the 
conservation of force teaches u8 that no process analogous to 
those known at the surface of the earth, can supply for eternity 
an inexhaustible amount of light and heat to the sun. But 
the same law also teaches that the store of force at pi-esent 
existing, as heat, or as what may become heat, is sufficient for 
an immeasurable time. "With regard to the store of chemical 
force in the sun, we can form no conjecture, and the store of 
heat there existing c^ only be determined by very uncertain 
esiimations. If, however, we adopt the very probable view, 
that the remarkably small density of so large a body is caused 
by ita high temperature, and may become greater in time, it 
may be calculated that if the diameter of the sun were dimin- 
ished only the ten-thousandth pait of its present length, by 
this act a sufficient quantity of heat would be generated to 
cover the total emission for 2100 years. Such a small change 
besides it would be difficult to detect even by the finest astro- 
nomical observations. 

Indeed, from the conamencement of the period during 
which we possess historic accounts, that is, for a period of 
about 4000 yeaa-e, the temperature of the earth has not senwi- 
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bly diminiahed. From these old ages Tve have certainly uo 
thermometric observations, but we have information regard- 
ing the diBtribntion of certain cultivated planta, the vine, the 
olive tree, which are very sensitive to changes of the mean 
annual temperature, and we find that these plants at the pres- 
ent moment have the same limits of distribution that they had 
in the times of Abraham and Homer ; from which we may in- 
fer backwards tlie constancy of the climate. 

In opposition to this it has been urged, that here in Prussia 
the German knights in former times cultivated the vine, 
cellared their own wine and drank it, which is no longer pos- 
sible. From tliis the condusion has been drawn, that the 
heat of our climate has diminished siace the time referred to. 
Against this, however, Dove has cited the reports of ancient 
chroniclers, according to which, in some peculiarly hot years, 
the Prussian grape possessed somewhat less than its. usual 
quantity of acid. The fact also speaks not so much for the 
climate of the country as for the throata of the German 
drinkers. ■ 

But even thougb the force store of our planetary system 
is so immensely great, that by the incessant emission which 
has occurred during the period of human history it has not 
been sensibly diminished, even though die length of the time 
which must flow by, before a sensible change in the state of 
our planetary system occurs, is totally incapable of measiure- 
ment, still the inexorable laws of mechanics indicate that this 
store of force, which can only suffer loss and not gain, must 
be finally exhausted. Shall we terrify ourselves by this 
thought ? Men are in the habit of measuring the greatness 
and the wisdom of the universe by the duration and the profit 
which it promises to tieir own race ; but the past history of 
the earth already shows what an insignificant moment the 
duration of the esistence of our race upon it constitutes. A 
Nineveh vessel, a Roman sword awakes in ns the conception 
of grey antiquity. What the museums of Europe show us o 
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tlic remains of Egypt aad Assyria "we gazo upon "wilh silent 
ixstonisluneal, and despair of being able to carry our thoughts 
back to a period so remote. Still must the human race have 
existed for ages, and multiplied itself before the pyramids of 
Nineveh could have been erected. We estimate the duration 
of humaM history at 6000 years ; but immeaaurable as this time 
may appear to us, what is it in comparison ■with the time dui>- 
ing ■which the earth carried successive series of rank plants 
and mighty animals, and no men ; during which in our neigh- 
bourhood the amher-treo bloomed, and dropped its costly gum 
on the earth and in the sea ; when in Siberia, Europe and 
North America groves of tropical palms flourished ; ■where 
gigantic lizards, and after them elephants, whose mighty re- 
mains we still find buried in the earth, found a home ? Dif- 
ferent geologists, proceeding from different premises, have 
sought to estimate the duration of the above creative period, 
and vary from a million to nine miDion years. And the time 
during which the earth generated organic beings is again 
small whea we compare it -with the ages during which the 
world was a ball of fused rocks. For the duration of its cool- 
ins from 2000° to 200° centigrade, the experimenta of Bishop 
p n I a alt show that about 350 millions of years would he 
n a And with regard to the time during which the first 
n bnl IS mass condensed into our planetary system, our mos* 
darmg onjectures must cease. The history of man, there 
f b t a short ripple in the ocean of time. For a nuich 

1 11^ s s of years than that during which man has already 
occupied this world, the existence of the present state of in- 
organic nature fiivourable to the duration of man seems to be 
secured, so that for ourselves and for long generations afler 
us, we have nothing to fear. But the same forces of air and 
water, and of the volcanic interior, which produced former 
geological revolutions, and .buried one series of living forms 
after another, act still upon the earili's crust. Tliey more 
prohaljly will bring about the last day of the himian race tliau 
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those distant cosmical alterations of whicli we iiave spoken, 
and perhaps force us to make way for new and more com- 
plete living forms, as the lizards and the mammoih have 
given place to us and our feUow-cre attires which now exist. 

Thus the thread which was spun in darkness by those 
who sought a perpetual motion has conducted im to a wniver- 
sal law of nature, which radiates light into the distant nights 
of the beginning and of the end of the history of the universe. 
To our own race it permits a long but not an endless exist- 
ence ; it threatens it with a day of judgment, the dawn of 
which is still happily obBCurcd. As each of us singly must 
endure the thought of his death, the race must endm-e the 
same. But above the forms of life gone by, the human race 
has higher moral problems before, it, the bearer of which it is, 
and in the completion of which it fulflls its destiny. 
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Joiroa EOBEET Hayeb was bora at Halbroim, Korember 25, 1814. He 
received a medical education, and became first, countj wound-pliyaioiaa and 
ofterwarde dty physician of Hellbromi. But few parUeulara of hia life have 
been obtoined. Iq 1840 lie made a Toyage on a Dutch freighter to Java, 
and it was the actadent of bleedii^ a fereriah patient in Ihie conntry, and 
observing that the Tenons blood in the tropica was of a much biighler red 
than in colder latitudes, that led Mm to those investigations of natural 
forc^, the chief resulls of which are given in the following essays. Two 
years after his attention was drawn U> ike subject — in 1842, he published 
his firat paper on the " Forces of Inoi^nic Nature." It was put together 
briefly, and pubhshed in liebig's journal to secure the public recognition of 
his claims. His second pubUcation, "On Organic Motion and Nutrition" 
(1E45), an able essay of one hnndred and twelve pages, is not yet translated. 
!ffis third paper, on " Celestial Dynamics," was published in 1S4S ; and his 
fourth, on the " Mechanical Equivaient of Heat," appeai'ed m I8B1. 

These vast acd rapid labors were too much for hk strength. His over- 
tasked mind gave way, and he was taken to an insane asylum. He, tow- 
ever, fortunately recovered, and is novr reported as occupied with tlie culli- 
vation of the vine ic Heilbi'onn. 
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I. 

THE FORCES OP INORGANIC NATURE. 



THE following pagea are designed as an attempt to an 
swep the questions, WLat are we to understaniJ by 
"Forces"? and Low are different forces related to each other? 
Whereas the term matter impKes the possession, by the object 
to wMch it is applied, of very definite proporiies, such aa 
weight and extension ; the term fores conveys for the most 
part the idea of something unknown, unsearchable, and hypo- 
thetical. An attempt to render the notion of force equally 
Ksact with that of matter, and so to denote 'hj it only objects 
of actual inyestigatioa, is one wHch, with the consccjuences 
that flow from it, ought not to be unwelcome to those who 
desire tliat their views of nature may bo clear and unencum- 
bered by hypotheses. 

Forces are causes : accordingly, we may in relation to 
them make fuU application of the principle — eama cequat ef- 
fectum. If the cause c has the effect e, then c=e; if, in its 
turn, e is the cause of a second effect/, we have e=f, and so 
on: c=^e— /...=c. In a chain of causes and effects, a 
term or a part of a term can never, as plainly appears from 
the nature of an equation, become equal fo nothing. This 
first property of all causes wo call their mdesbmctihiUty. 

If the given cause c has produced an effect e equal to it- 
self, it has in that very act ceased to be : e has become e ; if, 
after the production of e, c still remained in whole or in part, 
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there must be still further effects correspouding to this re 
maining cause : the total effect of c would thus be >e, which 
would be contrary to the supposition c=e. Accordingly, 
since c becomes e, and e becomes/, &c., we must regard these 
various maguitudes as different forms under which ooe and 
the same object mates its appearance. This capability of 
assuming yarious forms is the second essential property of all 
causes. Taking both properties together, we may say, causes 
are (quantitatipely) mdestnictible and (qualitatively) convert- 
ible objects. 

Two classes of causes occur in nature, which, so far as 
experience goes, never pass one into anotber. The first class 
consists of such causes as possess the properties of weight 
and impenetrability ; these are linds of Matter : the other 
class is made up of causes which are wanting in the proper- 
ties just mentioned, namely Forces, called, also Iraponderar 
hies, from the negative property that has been indicated. 
Forces are therefore indestructible, convertible, impondea-ahle 
objects. 

We will in the first instance take matter, to afford us an 
example of causes and effects. Explosive gas, H+0, and 
water, HO, are related to each other as cause and effect, 
therefore H+O-HO. Eutif H+0 becomes HO, heat, mi., 
makes its appearance as well as water ; this heat muet like- 
wise have a caus.e, x, and we have therefore H+0+a;^^HO 
+cal. It might, however, be asked whether H+0 is really 
=110 andor— offif and not perhaps H+0=cai., aiid3:!=H0, 
wl n th ab e q ation eovdd equally be deduced ; and so 
n m nj tl a The phlogistic chemists recognized the 

equaf b t n i and x, or Phlogiston as they called it, 
a d n In mad a great step in advance ; but they in- 
1 dtlml agmina system of mistakes by putting — x 
m place of , thus, for instance, they obtained H=^HO+k. 

Chemistry, whose problem it is to set forth in equations 
the causal connection existing between the differeat kinds of 
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naatter, teaches us that matter, as a cause, has matter for its 
effect ; but we are equally justified ia saying that to force as 
cause, corresponds force as effect. Since c— e, aud e=c, it 
is unnatural to call one term of an equation a force, and the 
other an effect of force or phenomenon, and to attach differ- 
ent notions to the expressions Force and Phenomenon. In 
brief, then, if the cause is matter, the effect is mattei- ; if the 
cause is a force, the effect is also a force. 

A cause which brings about the raising of a weight is a 
force ; its effect (the raised weight') is, accordingly, equally a 
force; or, expressing this relation in a more general form, 
separation iii spttce of ponderable objects is a force ; since this 
force causes the fall of bodies, we call it falling force. Fall- 
ing force and fall, or, more generally still, falling force and 
motion, are forces which are related to eaei other as cause 
and effect — forces which are convertible one into the other — 
two different forms of one and the same object. For exam- 
ple, a weight resting on the ground is not a force : it is neither 
the cause of motion, nor of the lifting of another weight ; it 
becomes so, however, in proportion as it is raised above the 
ground : the cause — the distance between a weight and the 
earth — and the effect — the quantity of motion produced — beai 
to each other, as we learn from mechanics, a conotant rela- 

Grtavity being regarded as the cause of the falling of bod- 
ies, a gravitating force is spoken of, and so the notions of 
proper^ and of force are confounded with each other : pre- 
cisely itat which is the essential attribute of every force — 
the imion of indeslraclibility with convertibUity — ^is wanting 
in every property : between a property and a force, between 
gravity and motion, it is therefore impossible to establish Ihe 
equation required for a rightly-conceived causal relation. If 
gravity be called a force, a cause is supposed which produces 
effects without itself diminishing, and incorrect conceptions 
of the causal connections of things are thereby fostered. In 
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order tliat a body may fall, it ia no less necessary that it 
should be lifted up, than that it should be heavy or possess 
gravity ; the fiiU of bodies ought not therefore to be ascribed 
to their gravity alone. 

It ia the problem of Mechanics to develop tlie equations 
■which subsist between felling force and motion, motion and 
falling force, and between different motioDe : here we -will call 
to mind only one point. The magnitude of tho falling force 
V is directly proportional (the earth's radius being assumed = 
00 ) to file magnitude of the mass m, and the height d to 
■which it is raised; that is, v~md. If the height d=l, to 
which ihe mass m is raised, is transformed into the final ve- 
locity c— 1 of this mass, we have also v=mc; but from the 
kao^wn relations existing bet^ween d and c, it results that, for 
other values of d or of c, the measure of the force v is «io*; 
accordingly v=md=mc'' : the law of the conservation of vis 
viva is thus found to be based on the general law of the inde 
stractibility of causes, 

In nirmberlesa cases we see motion cease without having 
cansed another motion or the lifting of a weight ; but a force 
once in existence cannot be annihilated, it can only change its 
form ; and the question therefore arises. What other forms ia 
force, which we have become acquainted with as falling force 
and motion, capable of assuming? Experience alone can 
lead us to a eonclusioa on this point. In order to experi- 
ment ■with advantage, we must select implements which, be- 
sides causing a real cessation of motion, aio as little as possi- 
ble altered by the objects to be examined. If, for example, 
we rub together two metal plates, we see m,otina disappear, 
and heat, on the other hand, make its appearance, and we 
have now only to a^k whether niotion is the cause of heat. 
Ia order to come to a decision on this point, we must discuss 
the question whether, in the numberless cafes in ■which the 
expenditure of niotion is accompanied by the appearance of 
heat, the motion has not some other effect than the pro- 
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duotion of heat, and the heat aome other cause than tlie 
motion. 

An attempt to ascertain the effects of ceding motion has 
never yet been seriously made ; ■without, therefore, mshiiig to 
exclude dp-tori the hypothesis which it mayte possible to 
set up, Tve observe only that, as a rule, this effect cannot be 
supposed to be an alteration in the state of aggregation of the 
moved (that is, rubbing, &c.) bodies. If we assume that a 
certain quantity of motion v is expended in the conversion of 
a rubbing substance m into n, we must then have m+v^n, 
and n=m-{-tj; and when n is reconverted into m, v must ap- 
pear again in some form or other. By the friction of two 
metallic plates continued for a very long time, we can grad- 
ually cause the cessation of an immense quantity of move- 
ment; but would it ever occur to us to look for even the 
smallest trace of the force which has disappeared in the me- 
tallic dust that we could collect, and to try fo regain it thence ? 
We repeat, the motion cannot have been annihilated ; and 
contrary, or positive and negative, motions cannot be regarded 
as =0, any more than contrary motions can come out of 
nothing, or a weight can raise itself. 

Without the recognition of a causal connection between 
motion and heat, it is just as difficult to explain the produc- 
tion of heat as it is to give any account of the motion that 
disappears. The heat cannot be derived from the diminution 
of the volume of the rubbing substances. It is well known 
that two pieces of ice may be melted by rubbing them to- 
gether in vacuo ; but let any one try to convert ice into water 
by pressure,* however eaormous. Water undergoes, as was 

* Since the ori^aal publication of tbis papet, Fi'Of. W. Thomson has 
shown that pressure lias a sensible effect in liquefying ioa (^Ooiif. Phil. Mag. 
S. 8, yol. siivii. p. 123) ; but the eiperimants of Bunsen and of HopMos 
have shown that the melUng-points of bodies which expand oi 
liquid are raised b; pressure, nMch is all that Mayer's argument re 
0. 0. r. 
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found Ijy the author, a rise of temperature when violently 
ahakea. The water so heated (from 12° to 13° C.) haa a 
greater hulk after heing shaken thau it had before ; whence 
now comes this quantity of heat, which hy repeated shaking 
may he called into existence in the fame apparatus as often 
as we please? The vibratoiy hypothesis of heat is an ap- 
■^roach toward .the doctriae of heat being the effect of mo- 
tion, but it does not favour the admission of this causal rela^ 
tion in its fnU generality ; it rather lays the chief stress on 
uneasy oscillations (unbekagUehe Sekmngungen). 

If it be now considered as established that in many cases 
(exc^tio confirmat regulam) no other effect of motion can be 
traced except heat, and that no other cause than motion can 
be found for the heat that is produced, we prefer the assump- 
tion that heat proceeds from motion, ia the assumpticn of a 
cause without effect and of au effect without a cause — just as 
the chemist, instead of allowing oxygen and hydrogen to dis- 
appear without further investigation, and water to be pro- 
duced in some ineSplicafole manner, eatahiishes ■* connection 
between oxygen and hydrogen on the one hand and y< aler on 
the other. 

The nattiral connection existing between falling force, mo- 
tion, and heat may be conceived of as follows : We know that 
heit mikes its appearance when the sepirate particles of a 
body appioach neirer to each othei eonlensation pioducea 
heat And what applies to tiie smalleat patticles ot matter, 
and the smallest intervals between them, must also apply to 
large masses and to measuiable distances The talimg ot a 
weight IS a dimmution of the bulk of the earth, ind muit 
theiefore without doubt he lelated to the quantity ot heat 
thereby developed , this quantity of heat muat be proportional 
to the greitneis of the weight and its dislance &om the 
giound riom this point ot new we ■^le verv ei'iilv Isd to 
the equations I etwetn lalhng foice, mclion, ind iieat, that 
ha\e already been di^>cus=ed 
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But jtist as little as the connection between falling force 
and motion authorizes die conclusion that the essence of fall- 
ing force is motion, can such a conclusion be adopted in tie 
case of heat. We are, on the contrary, rather inclined to 
infer fbat, before it can become heat, motion — whether sim- 
ple, or vibratory as in tlie case of light and radiant heat, &c. 
— must cease to exist as motion. 

if falling force and motion are equivalent to heat, heat 
must also naturally be equivalent to motion and falling force. 
Just as heat appears as an effect of the diminution of b«lk and 
of the cessation of motion, so also does heat disappear as a 
cause when its effects are produced in the shape of motion, 
expansion, or raising of weight. 

In water-mills, the continual diminuiion in bulk which the 
eai-fh undergoes, owing to the fall of the ivater, gives rise to 
motion, which afterwards disappears again, calling forth un- 
ceasingly a great quantity of heat ; and inversely, the steam- 
eagiae serves to decompose heat again into motion or the 
raising of weights. A locomotive engine with its train may 
be compared to a distilling apparatus ; the heat applied under 
the boiler passes off as motion, and this is deposited again as 
heat at the axles of the wheels. 

We will close our disquisition, the propositions of which 
have resulted as necessary consequences from the principle 
"causa osquat effectum," and which ace in accordance with 
all the phenomena of Nature, with a practical deduction. 
The solution of the equations subsisting between falling force 
and motion requires that the space fallen through in a given 
time, e. g, the first second, should be experimentally deter- 
mined ; in like manner, the solution of the equations subsist- ■ 
ing between falling force and motion on the one hand and 
heat on tbe other, requires an answer to the question, How 
great is the quantity of ieat which corresponds to a given 
quantity of motion or falling force? For instance, we must 
Q how high a given weight I'equires to be raised above 
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the ground in order that its falling force may be equivalent to 
tlio raising of the temperature of an equal weight of water 
from 0° to 1° C. The attempt to show that such an equa- 
tion is the expression of a physical truth may be regarded as 
the substance of the foregoing remarts. 

By applying the principles that have been set forth to the 
relations subsisting between the temperature and the volume 
of gases, we find that tlie sinking of a mercury column by 
which a gas is compressed ia equivalent to the quantity of 
heat set free by the oompreasion ; and hence it foUowa, the 
ratio between the capacity for heat of air imder constant pres- 
sure and its capacity under constant volume being taken as 
^ 1'421, that the warming of a given weight of water from 
0° to 1° C. corresponds to the fall of an equal weight from 
the height of about 365 metrea.* If we compare with this 
result the working of our best steam-engines, we aee how 
small a part only of the heat appHed under the boiler ia really 
transformed into motion or the raising of weights ; and this 
may serve as justification for the attempta at the profitable 
production of motion by some other method than the expendi- 
ture of the chemical difference between carbon and oxygen — 
more particularly by the transformation into motion of elec- 
tricity obtained by chemical means. 

* When the eorreeted speciSo heat of air is introduced into the calcu- 
lation this number is increased, anl agrees then with the experimental do- 
termmatioia of Mr. Joule. 
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I.— INTRODirCTION. 

EVERY mcandescent and Itiminous body diminisliea in 
temperature and luminosity in the same degree as it 
radiates light and heat, and at laat, provided its loss be not 
repaired from some other source of these agencies, becomes 
cold and non-Iumiaous. 

For light, like sound, consists of vibrations which are 
communicated by the luminous or sounding body to a SM- 
rounding medium. It ia perfectly clear that a body can only 
excite such vibrations ia another substance when its own par- 
ticles undergo a eimilar movement ; for there is no cause for 
undulatory motion when a body is ia a state of rest, or in a 
state of equilibrium with the medium by which it is sur- 
rounded. If a, beU or a string is to be sounded, (ui external 
force must be applied ; and this is tJie cause of the sound. 

If the vibratory motion of a striog could tate plaee with- 
out any resistance, it would vibrate for all time ; but in this 
case GO sound could be produced, because sound is essentially 
the propagation of motion ; and in the same degree as the 
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s'b:ing commanicates its vibrations to the surrouncliiig and re< 
siBting medium its own motion becomes weaker and weaker, 
until at last it sinks into a state of rest. 

The sun lias often and appropriately been compared to an 
incessantly sounding bell. E«t by wbat means is the power 
of tbis body kept up in undiminished force so as to enable 
him to send forth bis rays into the miiverse in such a grand 
and magnificent manner? "What are the causes wbieb coun- 
teract or prevent his exhausiioti, and thus save the planetary 
system from daikuess and deadly cold? 

Some endeavonred to approach " the grand secret," as 
Sir Wm. Herschel calls tliis quesliou, by the assumption that 
the rays of the sun, being themselves perfectly cold, merely 
cause the "substance" of beat, supposed to be contained in 
bodies, to pass from a state of rest into a state of motion, and 
that in order to send forth such cold rays the sim need not be 
a hot body, so that, in spite of the iaflnite development of 
light, the cooling of the sun was a matter not to be thought of. 

It is plain that nothing is gained by such an explanation ; 
for, not to speak of the hypothetical " substance" of heat, 
assumed to be at one time at rest and at another time in mo- 
tion, now cold and then hot, it is a well-founded fact that the 
sun does not radiate a cold phosphorescent light, but a light 
capable of warming bodies intensely ; and to ascribe such 
rays to a cold body is at once at variance with reason and 
experience. 

Of course such and similar hypotheses could not satisfy 
the demands of exact science, and I wiU therefore try to ex- 
plain in a more satisfactory manner than has been done up 
to this time the connexion between the sun's radiation and its 
effects. Li doing so, I have to claim the indulgence of scien- 
tific men, who are acquainted with the diiEculties of my task. 
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SOURCES OF HEAT. 



Before we turn our attention to the special subject of 
this paper, it will te necessary to consider the means by 
which light and heat are produced. Heat may be obtained 
from very different sources. Combustion, fermentation, pu- 
trefaction, slaking of lime, the decomposition of chloride of 
nitrogen and of gun-cotton, &c. &c., are all of them sources 
of heat. Tlie electric spark, the voltaic current, fricfioa, per- 
cussion, and the vital processes are also accompanied by the 
evolution of tliis agent. 

A general law of nature, which knows of no exception, 
is the following : — In order to obtain heat, something must 
be expended ; this something, however different it may be in 
other respects, can always be referred to one of two catego- 
ries : either it consists of some material expended in a chem- 
ical process, or of some sort of mechanical work. 

When substances endowed with considerable chemical af- 
finity for each other combine chemically, miich heat is devel- 
oped during the process. We ehaU estimate the quantity of 
heat thus set free by the number of kilogrammes of water 
which it would heat 1° C. The quantity of heat necessary 
to raise one kibgi-amme of water one degree is caUed a wnit 
of heat. 

It has been established by numerous experiments that the 
combdstion of one kilogramme of dry charcoal in oxygen, so 
as to form carbonic acid, yields 7200 units of heat, which fact 
may be briefly expressed by saying that charcoal fumiehea 
7200° degrees of heat. 

Superior coal yields 6000°, perfectly dry wood from 3300° 
to 3900°, sulphur 2700, and hydrogen 3i,600° of heat. 

According to experience, the number of units of heat only 
depends on the quantity of matter which is consumed, and 
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not on the conditioaa under ■wHch the hurning takes place. 
The same amount of heat is given out whether the combus- 
tion proceeds slowly or quickly, in atmospheric air or in pure 
oxygen gas. If in one case a metal be burnt in air and the 
amount of heat directly measured, and in another instance 
the same quantity of metal be oxidized in a galvanic battery, 
the heat being developed in some other place — say, the wire 
which conducts the current, — in both of these experiments 
the_ same quantity of heat will be observed. 

The same law also holds good for the production of heat 
by mechanical meaas. The amount of heat obtained is only 
dependent on the qnanfity of power consumed, and is quite 
independent of the maimer in ■which this power has been ex- 
pended. If, therefore, the amount of heat which is produced 
by certain mechanical work is known, the quautity which 
win be obtained by any other amount of mechanical work 
can easily be found by calculation. It is of no consequence 
whether this work consists in tlie compression, percussion, or 
iriction of bodies. 

The amount of mechanical work done by a force may be 
expressed by a weight, and the height to which this weight 
would be raised by the same force. The raatheoiatical ex- 
pression for " work done," that is to say, a measure for this 
work, is obtained by multiplying the height expressed in feet 
or other units by the number of pounds or kilogrammes lifted 
to this height. 

"We shall take one kilogramme as the unit of weight, and 
one metre as the unit of height, and we thus obtain the 
weight of one kilogramme raised to the height of one metre 
as a unit measure of mechanical work performed. This 
measure we shall call a kilogramme tre, and adopt for it the 
symbol Km. 

Mechanical work may likewise be measured by the ve!o 
city obtained by a given weight in passing from a state of rest 
into that of motion. The work done is then expressed by 
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the product obfained by the multiplication of tte 'weight by 
ilie square of its velocity. Tlie first metbod, iowever, be- 
cause it is the more convenient, is tiie one usually adopted ; 
and the numbers obtained therefrom may easily be expressed 
in other units. 

The product resulting from the midliplicafion of the num- 
ber of units of weight and mea'sares of height, or, as it is 
called, the product of mass and height, as well as the pro- 
duct of the mass and the square of its velocity, are called " vis 
viva of motion," " mechanical effect," dynamical effect," 
" work done," " qutrntitS de travml," &c. &c. 

The amount of mechanical work necessary for the heating 
of 1 kilogramme of water 1° C has been determined by ex- 
periment to be = 367 Km; therefore Km = 0-00273 units 
of heat.* 

A mass which has fallen through a height of 367 metres 
possesses a velocity of 84'8 metres in one second ; a mass, 
therefore, moving with this velocity originates 1° C. of heat 
when its motion is lost by percussion, friction, &c. If the 
velocity be two or three times as great, 4° or 9° of heat will 
be developed. Generally speaking, when the velocity ia c 
metres, the corresponding development of heat will be ex- 
pressed by the formula 

0-000139° xc". 

* This essaj was published in 1845, At that time de la Roolie and 
Berard's deteiminatlon of the specitc heat of air was generally accepted. 
If the physical constatita used by Mayer be corrected according to the re- 
sults of more recent inreatigaiion, the mcehanioal equivalent of heat ia 
found to be ni'i foot-pounds. Mr. Joule flnds it — tla foot-pounds. — 
Ta. 
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III.—MEASURB OF THE SUN'S HEAT. 

The a«tiaometer is an instnimeat invented by Sir Jolm 
Herschel for the purpose of measnring the heating effiect 
prodnced by the sun's rays. It is essentially ft thermometer 
with a large cylindrical bulb filled -with, a blue liquid, -which 
is acted upon by the stm's rays, and the expansion of which 
is measured by a graduated scale. 

From observations made with this instrument. Sir John 
Herschel calculates the amount of heat received from the son 
to be sufficient to melt annnaUy at the stu;face of the globe a 
crust of ice 29-2 meti-es in thietness. 

PouiUet has recently shown by some careful experiments 
with the lens pyrheliometer, an instrument invented by him- 
seF, that every square centimetre of the surface of onr globe 
receives, on an average, in oae minute an amount of solar 
heat which would raise the temperature of one gramme of 
water 0'4408°. Not much more than one-half of this quan- 
tity of heat, however, reaches the solid surface of our globe, 
since a considerable portion of it is absorbed by our atmo- 
sphere. The layer of ice which, according to PouiUet, could 
be melted by the solar heat which yearly reaches our globe 
would have a thickness of 30*89 metres. 

A square metre of our earth's surface receives, therefore, 
according to Pouillet's results, which we shall adopt in the 
following pages, on an average in one minute 4*408 units of 
heat. The whole surface of the earth is = 9,260,500 geo- 
graphical square miles* ; consequently the earth i-eceives in 
one minute 2247 biUions of units of heat from the sun. 

In order to obtain smaller numbers, we shall call tlie 

quantity of heat necessary to raise a cubic mile of water 1° 

* The geographical mile = 7420 metres, and cue Euglisli luilc = 181)8 
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C. in temperature, a cubic mile of heat. Since one cubic 
mile of water weighs 408-54 billiona of kilogramines, a cubic 
roUe of heat coataias 408-54 billions of units, of heat. The 
effect produced by the rays of the sun on the surface of the 
earth in one minute is therefore 5-5 cubic miles of heat. 

Let us imagine the sun to be stirrounded by a hollow 
sphere whose radius is equal to the mean distance of tlie 
earth from the sun, or 20,589,000 geographical miles; the 
surface of this sphere would be equal to 5326 billions of 
square miles. The surface obtained by the intorpection of 
this hollow sphere and our globe, or the base of the cone of 
solar light which reaches our earth, stands to the whole sur- 
face of this hollow sphere as ^^^ : 5326 billions, or as 1 to 
2300 millions. This is the ratio of the heat received by 
our globe to the whole a,moQEt of heat sent forth from the 
sun, which latter in one minute amoimts to 12,050 miliions 
of cubic miles of heat. 

This amazing radiation ought, unless the loss is by some 
means made good, to cool considerably even a body of the 
magnitude of the sun. 

If we assume the sun to be endowed with the same capa- 
city for heat as a mass of water of the same volume, and its 
loss of heat by radiation to affect uniformly its whole mass, 
the temperatiu'e of the sun ought to decrease 1°*8 C. yearly, 
and for the historic time of 5000 years this loss would conse- 
quently amount to 9000' C. 

A uniform cooling of the whole of the sun's huge mass 
cannot, however, take place ; on the contrary, if the radiation 
were to occur at the expense of a given store of heat or ra- 
diant power, the son would become covered in a short space 
of time with a cold crust, whereby radiation would be brought 
to an end. Considering the continued activity of the sun 
through countless centuries, we may assume with mathemati- 
cal certainty the existence of some compensating influence to 
make good its enormous loss. 
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Is this restoring agency a chemical process? 

If such were the case, the most favourahle assumption 
■would be to suppose the whole mass of the sun to be one 
lump of coal, the combustion of every kilogramme of which 
produces 6000 units of heat. Then the sua would only bo 
able to sustain for forty-sis centuries its present expenditure 
of light and heat, not to mention the oxygen necessary to 
keep up Buch an immense combustion, and other unfavourable 



The revolution of ihe sun on his axis has been saggcsted 
as the cause of his radiating energy. A closer examination 
proves this hypothesis also to be untenable. 

Eapid rotation, without friction or resistance, cannot in 
itself alone be regarded as a cause of light and heat, espe- 
cially as the sun is in no way to be distinguished from the 
other bodies of our system by velocity of axial rotation. The 
sun turns on his axis in about twenty-five days, and his diam- 
eter is nearly 112 times as great as that of the earth, from 
which it follows that a point on the solar equator travels but 
a httle more than four times as ipiickly as a point on the 
earth's equatoi The laige-*t planet of the solar system, 
whose diametei is about i^th that of the sua, turns on its asis 
in less than ten hours ; a point on its equator revolves about 
six times quieter than one on the solar equator. The outer 
ring of Saturn exceeds the sun's equator more than ten, times 
in velocity of rotation. Nevertheless no generation of light 
or heat is observed on our globe, on Jupiter, or on the ring 
of Saturn. 

It might be thought that friction, tbough nndeveloped in 
the case of the other celestial bodies, might be engendered by 
the sun's rotation, and that such Motion might generate enor- 
mous quantities of heat. But for the production of friction 
two bodies, at least, are always necessary which are in imme- 
diate contact with one another, and which move with differ- 
ent velocities or in different directions. Fi'ietjon, moreoi'er, 
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has a tendency to produce equal motion of the two rubliing 
bodies ; and when tliis is attained, the generation of heat 
ceases. If now the sun he the one moving body, whore is 
the other? and if the second body exist, what power preyents 
it from assuming the same rotary motion as the sun? 

But could even these difficulties he disregarded, a weight- 
ier and more formidable obstacle opposes this hypothesis. 
The known volume and mass of the sim allow «s to calculate 
the vis viva which he possesses in consequence of his rotation- 
Assuming his density to he uniform throughout his mass, and 
his period of rotation twenty-five days, it is equal to 182,300 
quintillions of Idlogrammetres (Km). Eat for one unit of 
heat generated, 367 Em are consumed ; consequently the 
whole rotation-effect of the sun could only cover the espendi- 
ture of heat for the space of 183 years. 

The space of our solar system is fiUed with a great num- 
ber of ponderable objects, which have a tendency to move 
towards the centre of gravity of the sun ; and in so doing, 
their rate of motion is more and more accelerated. 

A mass, without motion, placed within the sphere of the 
sun's attraction, will obey this attraction, smd, if there be no 
disturbing influences, will fall in a straight hue into the sun. 
In reality, however, such a rectihnear path can scarcely occur, 
as may be shown by experiment. 

Let a weight he suspended by a string so that it can only 
touch the floor in one point. Lift the weight up to a certain 
height, and at the same time stretch the string out to its full 
length ; if the weight be now allowed td fall, it wiU be ob- 
served, almost in every ease, not to reach at once the point on 
Ihe floor towards which it tends to move, but to move round 
this point for some time in a curved Hne. 

The reason of this phenomenon is that the slightest devia- 
tion of the weight from its shortest route towards the point 
on the floor, caused by some disturbing inSuence such as the 
resistanc* of the air against a not perfectly imiform surface, 
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will maintain itself as Jong as motion lasts. It is neverthe- 
less possible for tlie weiglit to move at once to the point ; tLe 
probability of its doing so, however, hecomea the less as the 
height from which it is allowed to drop increases, or the string, 
by means of which it is suspended, is lengthened. 

SimUar laws influence the movements of bodies in the 
space of fie solar system. The height of the fail is here 
represented by the original distance from the sun at which the 
body begins to move ; the length of the string by the sun's 
attraction, which increases when the distance decreases ; and 
the small surface of contact on the floor by the area of the 
seclaon of the sun's sphere. If now a cosmical mass within 
the physical limits of the sun's sphere of attraction begii 
fall towards that heavenly body, it will be disturbed i 
long path for many centuries, at first by the nearest fixed 
stars, and afterwards by the bodies of the solar system. 
Motion of such a mass in a straight line, or its pei-pendacular 
fall into the sun, would, therefore, under such conditions, be 
impossible. The observed movement of all planetaiy bodies 
in closed curves agrees with this. 

We shall now return to the example of the weight sus- 
pended by a string and oscillating round a point towards 
which it is attracted. The diameters of the orbits described 
by this weight are observed to be nearly equal ; continued ob- 
servation, however, shows that Uiese diameters gi-adnally di- 
minish in length, so that the weight will by degrees approach 
the point in which it can touch the floor. The weight, how- 
ever, touches the floor not in a mathematical point, but in a 
small surface; as soon, therefore, as the diameter of the curve 
in which the weight moves is equal to tlie diameter of this 
surface, the weight will tonch the floor. This final contact is 
no accidental or improbable event, hnt a necessary phenome- 
non caused by the resistance which the oscillating mass con- 
standy suffers from the air and friction. If all resistance 
could be annihilated, the motion of the weight would of course 
continue in equal oscillations. 
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The same law holds good for celestial hodiea. 

The movements of celestial bodies in an absolute vaeaum 
would be as uniform as those of a mathematical peadulum, 
■whereas a resisting medium pervading all space would cause 
the planets to mo\-e in shorter and shorter orbits, and at last 
to fall iato the sun- 
Assuming such a resisting medium, these wandering ce- 
lestial bodies must have on the periphery of the solar system 
their cradle, and in its centre their grave ; and however long 
the duration, and however great the numbei' of their revolu- 
tions may bo, aa m&ny masses will on the average in a cer- 
tain time arrive at the sun as formerly in a like period of 
time came within his sphere of attraction. 

Ail these bodies plunge with a violent impetus into their 
common grave. Since no cause exists without an effect, each 
of these cosmical masses mil, like a weight falling to the 
earth, produce by its percussion an amount of heat propor- 
tional to its vis viva. 

From the idea of a sun whose attraction acts throughout 
space, of ponderable bodies scattered throughout the universe, 
and of a resisting fether, another idea necessarily follows — 
that, namely, of a continual and inexhaustible generation of 
heat on the central body of this cosmical system. 

Whether such a conception bo realized in oiw solar system 
— whether, in other words, the wonderful and permanent evo- 
lution of light and heat be caused by the uninfemipted fall 
of cosmical naatter into the sun — will now be more closely 
exannined. 

The existence of matter in a primordial condition ( Uima- 
terie), moving about in the universe, and assumed to foUow 
the attraction of the nearest stellar system, will scarcely be 
denied by astronomers and physicists ; for the i^chness of 
surrounding nature, as well as the aspect of the starry heav- 
ens, prevents the belief that the wide space which separates 
our solar system fi^Dm the regions governed by the other fixed 
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stars is i a c nf 'olitulp lest mtc of iixttei Y^c =hall 
leave, howevei all siippositiona conceinmg 8uiject% so di tant 
from us loth m time and «pace and confine our itteniion ex- 
clusively to Tth'it m-xy be leaint iioxa the oh^^i^alion of the 
existing stAte of things 

Besides the fiurteen known planets with then eighteen 
satellites, a great man} othei cosmicil ma^^iei raoT witl in 
the space of the jlanet<«y system, of whith the CDmet« lu 
serve to he mentif ned first 

Keplei s celebiated stitement tiiat theiL are moie cjm 
ets in thp heivens th'in fish m the oeettn, 11 tiuuded on the 
fact that, of ill the comets belongmg to onr solai sjstem, 
comparatively fe'w can he seen by the inhabitants of the earlh, 
and therefoie the not mconsideiable nnmbei of actually ob- 
served cometo olives us aoeoidmg to the mles of tlie cilcvi- 
1ns of ptobabilities, to assume the existence of 1 gieit many 
more beyond the sphere of oui vision 

Besides planets, sati-llites an I comets inothei daes of 
celestial bodies esi'ts within oui solai 3>sfim These are 
masses which, on t connt of then nmBllne s may be consid 
ered as cosmicol atom an 1 wluch Arigo has appropriately 
called asteioids They, hk;, the planets and the comets, tie 
governed by gravity ind move in elhpticil urlits rsun! the 
sun. When accident hnn^B them into the immediatp nei^h 
bourhood of the earth they piodnce the ihenomt-na of shoot 
ing-stars end fliel alls 

It has been shjwn by lepeated obseivaiion that on a 
bright mght twenty mmutes seldom elapse without 1 shootine- 
star being visible to an ol seivei m inj situation At reitam 
times these meteors are observed in astonishingly great num- 
bers ; during the meteoric shower at Boston, which lasted 
nine hours, when they were said to fall " crowded together 
like snow-flakes," they were estimated as at least 240,000. 
On the whole, the number of asteroids which come near the 
earth in the space of a year must be computed to be many 
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tlioosaads of millions. Tliia, without doubt, is only a small 
fractaon of the number of asteroids that move round the sua, 
which number, according to the rules of the calculus of prob- 
abilities, approaches the infinite. 

As has been already stated, on the existence of a resisting 
fether it depends whether the celestial bodies, the planets, the 
comets, and the asteroids move at constant mean distances 
roand the sun, or whether they are constantly approaching 
that central body. 

Scientific men do not doubt the existence of such an tether. 
Littrow, amongst others, expresses himself on this point as 
follows ; — " The assumption that the planets and the comets 
move in an absolute vacuum can in no way be admitted. 
Even if the spaoe between celestial bodies contained no other 
matter than that necessary for the existence of light (whether 
light be considered as emission of matter or the undulations 
cf a universal tether), this alone is sufficient to alter the mo- 
tion of the planets in the course, of time and the arrangement 
of the whole system itself ; the fall of all the planets and the 
comets into the snn and the destruction of the present state 
of the solar system must be the final results of this action." 

A direct proof of the existence of such a resisting medium 
has been furnished by the academician Encke. He found 
that the comet named alter him, which revolves round the 
sun in the short apace of 1307 days, shows a regular acceler- 
ation of its motion, in consequence of which the time of each 
revolution is shortened by about sis hours. 

From the great density and magnitude of the planets, the 
shortening of the diameters of their orbits proceeds, as might 
be expected, very slowly, and is up to the present time inap- 
preciable. Tlie smaller the cosmical masses are, on the con- 
trary, other circumstances remaining the same, the faster they 
move towards the sun ; it may therefore happen that in a 
space of time whercia the meaa distance of the earth from 
the snn would di mini sh one metre, a small asteroid would 
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travel more tlian one thousand miles toivards liic central 

As coamical masses stream from all sides ia immenae 
numbers towards the sun, it folloiirs that they must become 
more and more crowded together as they approach thereto. 
The conjecture at once suggests itself fiat the zodiacal light, 
the nebulous light of vast dimecsions which surrounds the 
sun, owes its origin to such closely-packed aeteroida. How- 
ever it may he, this much is certaiu, that this phenomenon 13 
caused by matter which moves according to the same laws as 
&e planets round the sun, and it consequently follows that 
the whole mass which origiEiatee the zodiacal light is contin- 
ually approaching Uie sun and failing into it. 

Tlijs light does not siuround tiie sun unifomily on all 
sides ; that ia to say, it has not the form of a sphere, tut that 
of a thin convex lenS) the greater diameter of which is in the 
plane of the solar equator, and accordingly it has to an ob- 
server on our globe a pyramidal form. Such lenticular dis- 
tribiition of the masses in the universe is repeated in a re- 
mariahle manner in the disposition of the planets and the 
fixed stars. 

From tlie great number of cometary masses and asteroids 
and the zodiacal light on. the one hand, and the existence of a 
resisting tether on the other, it necessarily follows that pon- 
derable matter must continually be arriving on the solar sur- 
face. The effect produced by these masses evidently depends 
on their final velocity ; and, in order to determine the latter, we 
shall discuss some of the elements of the tlieory of gravitation. 

The final velocity of a weight attracted by and moving 
towards a celestial body will become greater as tJie height 
through which tlie weight falls increases. This velocity, how- 
ever, if it be only produced by tlie fall, cannot exceed a cer- 
tain magnitude ; it has a maximum, the value of which de- 
pends on the volume and mass of the attracting celestial body. 
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Let )■ be the radius of a splierical and solicl celestial body-, 
and g the velocity at the end of the first second of a weigbl 
falling on the earface of this body ; then the greatest veloeitj 
which thia weight can obtain by its fall towards the celestial 
body, or the velocity with which it will arrive at its surface 
aft«r a, fall from an infinite height, is ^^gr in. one second. 
This number, wherein g and r ai^ expressed in metres, we 
shall call G-. 

For our globe the value of tj is 9-8164 . . and tiiat of t 
6,369,800 ; and consequently on our earth 

G-= 4/(3x9-8164x6,369,800) -^11,183. 

The solar radius is 112-05 times that of the earth, and the 
velocity produced by gravity on the sun's surface is 28-36 
times greater than the same velocity on the surface of our 
globe ; the greatest velocity therefore which a body could ob- 
tain in consequence of the solar attraction, or 

G= 4/(28-36 X 112-05) X 11,183 = 630,400 ; 
that is, this masimura velocity is equal to 630,400 metres, or 
85 geographical miles in ooe second. 

By the help of this constant number, which may be called 
the eharactertstic of the solar system, tho velocity of a body 
in central motion may easily be determined at any point of its 
orbit. Let a be the mean distance of the planetary body from 
the centre of gravity of the sim, or the greater semidiameter 
of its orbit (the radius of the sun being taken as unity) ; and 
let h be the distance of tlie same body at any point of its orbit 
from the centre of gravity of the sun ; then the velocity, 
expressed in metres, of the planet at the distance A is 
/2a -A 

At the moment the planet comes in contact with the solar sur^ 
face, A is equal to 1, and its velocity is therefore 



GX^' 



/2a-l 
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It follows from tliis formijla that the smaller 2a (or the 
major axis of the orbit of a planctaiy hody) becom.es, the 
less will be its velocity when it reaches the sun. This velo- 
city, like the major fuds, has a miaimum. ; for so long as the 
planet m.oves outside the sun, its major axis cannot be shorter 
than the diameter of the sun, or, tating flie solar radius as a 
unit, the quantity 2a can never be less than 3. The smallest 
velocity with which we can imagine a cosmical body to arrive 
on the surface of the sun is consequently 



&X-/g-445^ 



750, 



or a velocity of 60 geographical miles in one second. 

For this smallest value tlie orbit of the asteroid is circu- 
lar ; for a larger value it becomes elliptical, until finally, with 
increasing eseeutricity, when the value of 2a approaches in- 
finity, the orbit becomes a parabola. In the last ease the 
velocity is 

or, 85 geographical miles in one second. 

If the value of the major axis become negative, or the 
orbit assume the foi-m of a hyperbola, the velocity may in- 
crease witho\it end. But this could only happen when cosmi- 
cal masses enter the space of the solar system with a pro- 
jected velocity, or when masses. Laving missed the sun's sur- 
face, move into the imiverse and never return ; hence a ve- 
locity greater than & can only be regarded as a rare excep- 
tion, and we shall therefore only consider velocities comprised 
within the limits of 60 and 80 miles.® 

The final velocity with which a weight moving in a 

" The relative velocity also with which aa ostetoid reaches the solar 
Burfaoo depends in some degree on the velocitj of the sun's rotation. Thia, 
however, as well as the rotatory effect of tlie asteroifl, ia witliout moment, 
and may be neglected. 
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straight line towards tlie centre of the sun arrives at the solai: 
siirfaco is expressed by the formula 

wherein c expresses the final velocity in metres, and h the 
original distance from the centre of the sun in terms of solar 
radius. If this formnla he compared with the foregoing, it 
will be seen that a mass which, after moving in central mo- 
tion, arriyes at the sun's surface has the name velocity as it 
would possess had it fallen perpendicularly info the sun from 
a distance* equd to the major axis of its orbit ; whence it is 
apparent that a planet, on arriving at the sun, moves at least 
as quickly as a weight which falls freely towards the smi 
from a disfajice as great as tlie solar radius, or 96,000 geo- 
graphical miles. 

What thei-mal effect corresponds to such velocities? Is 
the effect sufficiently great to play an important part in the 
immense development of heat on the sun? 

This cmoial question may he easily answered by help of 
the preceding considerations. According to the formula given 
at the end of Chapter H., the degree of heat generated by 
percussion is 

= 0-000139'' xc", 
where c denotes the velocity of the striking body expressed in 
metres. The velocity of an asteroid when it strikes the sun 
measures from 445,750 to 630,400 metres ; the caloric effect 
of the percussion is consequently equal to from 27-i- to 55 mil- 
lions of degrees of heat|. 

An asteroid, therefore, by its fall into the sun developes 

* This distsnoe is ti> be covmWd fi'om Bie centre of the sun. 
■ \ Throi^hout this memoir the degrees of beat 
Centigrade scale. Unless stated to the contravj, the 
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from 4600 to 9200 times as rQiicii heat as would bo generated 
hj the comlrastion of an equal mass of coal. 



IV.— ORIGIN OP THE SUN'S HEAT. 

The question why the planets move in ciu-ved orbits, one 
of the grandest of problems, was solved by Newton in con- 
sequence, it is believed, of his reflecting on the fall of an apf 
pie. This story is not improbable, for we are on the right 
track for the discovery of trath when once we clearly recog- 
nize tliat between great and small no qnaUtative bxit only a 
quantitative difference exists — when we resist the suggestions 
of an ever aetive imagination, and look for the same laws in 
the greatest as well as in the smallest processes of nature. 

This universal range is the essence of a law of nature, 
and the touchstone of the correctness of human theories. We 
observe the fall of an apple, and investigate thg law which 
governs this phenomenon ; for the earth we substitute the 
Sim, and for the apple a planet, and thus possess ourselves of 
the key to the mechanics of the Leavens. 

As the same laws prevail in the greater aa well as in the 
smaller processes of nature, Newton's method may be used in 
solving the problem of the origin of the sun's heat. We 
know the connexion between the spaco' through which a body 
falls, the velocity, the vis viva, and the generation of heat on 
the aurfaice of this globe ; if we again substitute for the earth 
the aun, with a ma^ 350,000 greater, and for a height of a 
few metres celestial distances, we obtain a generation of heat 
exceeding all terrestrial measures. And since we have suffi- 
cient reason to assume the actual existence of such mechani- 
cal processes in the heavens, we find therein the only tenable 
explanation of the origin of the teat of the sun. 



...Coogic 



OEI&IS OF TNE bun's HEAT. SiTT 

The faet that the development of heat hy meehanicaj 
means on the snvface of our globe is, as a rule, not ao great, 
and cannot be so gi-eat as the generation of tlie same agent 
by chemical means, as by combustion, follows from the laiva 
akeady discussed ; and this fact cannot be used as an argu- 
ment against the assumption of a greater development of 
beat by a greater esjienditure of mechanical work. It has 
been shown that the heat generated by a weight falling from 
a height of 367 metres is only iJooth part of the heat pro- 
duced by the combustion of the same weight of coal ; just as 
small is the amount of heat developed by a weight moving 
with the not iaconsiderable velocity of 85 metres in one sec- 
ond. But, according to the laws of mechanics, fJie effect is 
proportional to the square of the velocity ; if therefore the 
weight move 100 times faater, or with a velocity of 8500 
metres in one second, it will produce a greater effect than the 
combustion of an equal quantity of coal. 

It is true that bo great a velocity cannot be obtained by 
human means ; everyday experience, however, shows the de- 
velopment of high degrees of temperature by mechanical 
processes. 

In the common flint and steel, the particles of steel which 
are strack off are sufficiently heated to burn in air. A few 
blows directed by a sMful blacksmith with a sledge-hammer 
against a piece of cold metal may raise the temperature of 
the metal at the points of collision to redness, 

The new crank of a steamer, whilst being polished by 
friction, becomes red-hot, several buckets of water being re- 
quired to cool it down to its ordinary temperature. 

"When a railway train passes with even leas than its ordi- 
nary velocity along a very sharp curve of the line, sparks are 
observed in consequence of the friction against tlie rails. 

One of the grandest constmctiona for the production of 
motion by human art is tke channel in which the wood was 
allowed to glide down from the steep and lofty aides of Mount 
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PilatHS info the plain Ijelow. This wooden cliannel which 
was built about thirty years ago by the engineer Eiipp, was 
9 English miles in length ; the largest trees were shot down 
it from'the top to the hottom of the monntain in about two 
minutes and a half. The momentum possessed by the trees 
on their escaping at their journey's end from the channel was 
sufficiently great to bury their thicker ends in the ground to 
the depth of from 6 to 8 metres. To prevent the wood get- 
ting too hot and taking fire, water was conducted in many 
places into the channel. 

This stupendous mechanical process, when compared with 
cosmical processes on the sxm, appears infinitely small. In 
the latter case it is the mass of the sun which attracts, and 
in lieu of the height of Mount Pilatus we have distances of a 
hundred thousand and more miles ; the amount of heat gene- 
rated by cosmical falls is therefore at least 9 million times 
greater than in our terrestrial example. 

Eays of heat on passing through glass and other transpa- 
rent bodies undergo partial absorption, which differs in de- 
gree, however, according to the temperature of the source 
from which the heat is derived. Heat radiated from sources 
less warm than boiling wat«p is almost completely stopped by 
thin plates of glass. As the temperature of a source of heat 
increases, its rays pass more copiously through diathermic 
bodies. A plate of glass, for example, weakens the rays of 
a red-hot substance, even when the latter is placed very close 
to it, much more than it does those emanating at a much 
greater distance from a white-hot body. If the quality of 
the sun's rays be examined in this respect, their diathermic 
energy is found to be far superior to that of aU artificial 
sources of heat. . The temperature of the focus of a concave 
metallic reflector in which the sun's hght has been collected 
is only diminished from one-seventh to one-eighth by the in- 
terposition of a screen of glass. If the same experiment be 
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made with an artificial aad Inminoua aourco of heat, it is 
found that, thougli the focus be very hot when the screen ia 
away, the interposition of the latter cuta off nearly all the 
heat ; moreover, the focua will not recover its former temper- 
ature Avhen reflector and screen ai-e placed sufficiently near to 
the source of heat to make the focus appear brighter than it 
die! in tlie former position without the glass screen. 

The empirical law, that the diathermic energy of heat in- 
creases with the temperature of the source from which the 
heat ia radiated, teaches tis that the sun's surface must be 
much hotter than the most powerful process of combustiou 
could render it. 

Other methods furnish ffce same conclusion. If we ima- 
gine fie ami to be surrounded by a, hollow sphere, it ia clear 
that the inner surfaee of tliis sphere must receive all the heat 
radiated fi-om the sun. At the distance of our globe from the 
sun, such a sphere would have a radius 315 times as great, 
and an area 46,000 times as large as the sun himself; those 
luminous and calorffie rays, therefore, which meet this spheri- 
cal surface at right angles retain only itjjooth part of their 
original intensity. If it be further considered that our at- 
mosphere absorbs a part of the solar rays, it is clear that the 
rays which reach the tropics of om* earth at noonday can 
only possess from j^i^ to sj^tb of the power with which 
they started. Tliese rays, when gathered from a sm-face of 
from 5 to 6 square metres, and concentrated in an aa-ea of 
one square centimetre, woidd produce about the temperature 
which exiata on the sun, a temperature more than suScient 
to vaporize platinum, rhodium, and similar metals. 

The radiation calculated in Chapter HI. likewise proves 
the enormous temperature of the solar surface. From the 
determination mentioned therein, it foUows that each square 
centimetre of the sun's surface loses by radiation about 80 
units of heat per minute — an immense quantity in compari- 
son with terrestrial radiations, 
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A correct theory of the origin of the sun's heat must ex- 
plain the cause of such enormous tempersitures. This expla- 
nation can be deduced from the foregoing statements. Ac- 
cordiag to Pouillet, the temperature at which bodies appear 
intensely white-hot is about 1500° C. The heat generated by 
the combustion of one kUogramme of hydrogen is, as deter- 
mined by Dulong, 34,500, and according to the more recent 
experiments of Grassi, 3i,666 units of heat. One part of 
hydrogen combines with eight parts of oxygen to form TPater ; 
hence one kilogramme of these two gases mixed in this ratio 
woHld produce S850°. 

Let us now compare this heat with the amount of the 
same agent generated by the fall jf in asteroid into the sun 
Without taking into aLCount the low specific heat of "^uch 
masses when compared with tint of water, we find the heat 
developed by the asteioiJ to be ftom 7000 to 15,000 tunes 
greater than that of the oxyhydiogen mixture Fiom dati 
like these, the extraordmaiy diathermic cneigj ff the "un's 
rays, the immense radiation fiom hi9 sutfaie, and the high 
temperature in the focus of the leflector aie easily accounted 
for. 

The facts above mentioned bhow that, unless wl assume 
on the Bun the existence ot mattei with unheard ot chemicil 
propHrties as a Jeii' ei mnt,hvm, ua chemical process could 
maintain the present high radiation of the sun it also fol- 
lows from the above lesults, that the chemical natuie of bo- 
dies "which fall into tiie aun does n< t in the leasi, affoct oui 
conclusions ; the efiedt produced by the most inflammable 
substance would not differ by one-thousandth part from that 
resnlting from the fall of mattei possessmg but feeble chemi- 
cal affinities. As the bughtest artificial light appears dark m 
comparison wifli the sun's hght, so tl^c mechanical processes 
of the heavens throw into the shade the most poi\ erful chem- 
ical actions. 

The quality of the -uu s ia\», as dqcndent on hi- ti,mn,i 
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atiiiv, is of tlie greatest importance to mankind. If the solai 
heat were origiaated ]<j a ahemical process, and amounted 
near its source to a temperatare of a few thousand degrees, 
it wfinld be possible for the light to reach us, -whilst the 
greater part of the more important calorific rays would be ab- 
sorbed by the higher strata of our atiaosphere and then re- 
turned to the universe. 

In consequence of the high temperature of the sun, how- 
ever, our atmosphere is highly diathermio to his rays, so that 
the latter reach the surface of our earth and warm it. The 
comparatively low temperature of the terrestrial surface is 
the cause why the heat cannot easily radiate hack through the 
atmosphere into the universe. The atmosphere acta, there- 
fore, like an envelope, which is easily pierced by tlie solar 
rays, but which offers considerable resistance to the radiant 
heat escaping from our earth ; its action resembles that of a 
valve which allows liquid to pass freely in one, but stops the 
flow in the opposite direction. 

The action of the atmosphere ia of the greatest impor- 
tance as regards climate and meteorological processes. It 
must raise the mean temperature of the earth's surface. Af- 
ter the setting of the sun — in fact, in all places where bis 
rays do not reach the surface, the temperature of the earth 
would soon be as low as that of the univei-se, if the atmos- 
phere were removed, or if it did not exist. Even the power- 
ful solar rays in the tropics would be unable to preserve wa- 
ter in its liquid state. 

Between tlie great cold whicli would reign at all times 
and in all places, and the moderate warmth which in reality 
exists on our globe, intermediate temperatures may be imar 
gined ; and it is easily seen that the mean temperature would 
decrease if the atmosphei-e were to become more and more 
rare. Such a rarefaction of a valve-like acting atmosphere 
actually takes place as wc ascend higher and higher above 
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the level of the sea, and it ia accordingly and necessarily ac- 
companied by a corresponding diminntion of temperature. 

This well-known fact of the lowei' mean temperature of 
places of greater altitude has led to the strangest hypotheses. 
The swn's rays were not supposed to contain all the conditiona 
for warming a body, but to set in motion the "sabstance" 
of heat contained in the earth. This "substance" of heat, 
cold when at rest, was attracted by the earfli, and was there- 
fore Ibund in greater abundance near the centre of the globe. 
This view, it was thought, explained why the warming power 
of the Sim was so much weaker at the top of a mountain than 
at the bottom, and why, in spite of his immense ractiation, he 
retained his fall powers. 

This belief, which especially prevaiia amongst imperfectly 
informed people, and which will scarcely succumb to correct 
views, is directly contradicted by the excellent experiments 
made hy Pouiilet at different altitudes with the pyrheliometer. 
These esperimeata show Ihat, CTerything else being equal, 
the generation of heat hy the solar rays is more powerful in 
higher altitudes than near the surfece of our globe, and that 
consequeatly a portion of these rays is absorbed on their pas- 
sage through the atmosphere. Why, in spite of this partial 
absorption, the mean temperature of low altitudes is never- 
theless higher than it ia in more elevated positions, is ex- 
plained by the fact that the atmosphere stops to a far greater 
degree the calorific rays emanating from the earth than it 
does those from the sun. 



T.— CONSTAKCY OF THE SUN'S MASS. 

Nbwiojt, as is well known, considered light to be the 
emission of Imninous particles from the sim. In the contin- 
ued emission of light this great philosopher saw a cause tend- 



...Cooglc 



COBSTAHCy OP THK SDh's MASS. 283 

ing to diminish tlie solar mass ; and he assumed, in order to 
make good this loss, comets and other cosmieal masses to be 
continually falling into the central body. 

If we express this riew of Newton's in the language of 
the lindulatory theory, which is now universally accepted, we 
obtain the resnlts developed in the preceding pages. It ia 
true that our tlieory does not accept a peculiai' " sahstance " 
of light or of heat ; nevertheless, according to it, the radia^ 
tioQ of light and heat consists also in purely material pro- 
cesses, in a soi-t of motion, in the vihrationa of ponderable 
resisting substances. Quiescence is dai'ltness and death ; mo- 
tion is light and life. 

An undulating motion proceeding from a point or a plane 
and excited in an unhmited medium, cannot be imagined apart 
from anotier simnltaneoua motion, a translation of the parti- 
cles themselves ;* it therefore followE, not only from the emis- 
sion, bnt also from tie undnlatory tlieory, that radiation con- 
tinually diminishes the mass of the sim. "WTiy, nevertheless, 
the mass of the sun does not reaUy diminish has already been 
stated. 

The radiation of the sun is a eenti-ifugal action equivalent 
to a centripetal motion. 

The caloric effect of the centrifugal action of the sun can 
be foimd by direct observation ; it amounts, according to 
Chapter III., in one minute to 12,650 millions of cubic miles 
of heat, or 5-17 quadrillions of units of heat. In Chapter 
XV. it has been shown that one kilogramme of the mass of an 
asteroid originates from 27*5 to 55 millions of units of heat ; 
the quantity of cosmieal masses, therefore, which falls every 
minute info the sun amounts to from 94,000 to 188,000 bil- 
lions of iilogrammes. 

To obtain this remarkable result, we made use of a method 

* This centrifugal motion is perhaps tlic cause of the repulsion of tlie 
tails on comets wliea in the neiglibourhODtl of tho suq, aa Dbseifed by 
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■wMci is common in physical iaquiries. Oliservation of tlie 
moon's motion reveals to us tha estemal form, of the eartli. 
The physicist determines with the torsion-balance the weight 
of a planet, just as the merchant finds the weight of a parcel 
of goods, whilst the pendulum has become a magic power in 
the hands of the geologist, enabling Mm to discover cavities 
in tie bowels of the eartli. 0«r case is similar to these. By 
observation and calculation of the velocity of soimd in our 
atmosphere, we obtain the ratio of the specific heat of air un- 
der constant pressure and imder constant volume, and by the 
help of this number we determine the quantity of heat gene- 
rated by mechanical work. The heat which arrives from the 
sun in a given time on a small surface of our globe serves as 
a basis for the calculation of the whole radiating effect of the 
sun ; and the result of a series of observations and well- 
founded conclusions is the quantitative determination of those 
cosmical masses which the sun receives from the space 
through which he sends forth his rays. 

Measured by terrestrial standards, the ascertained number 
of so many billions of kilogrammes per minute appears in- 
credible. This quantity, however, may be brought nearer to 
our comprehension by comparisou with other cosmical mag- 
nitudes. The nearest celestial body to us (the moon) has a 
mass of about 90,000 frUlinns of Lilogrammes, and it would 
therefore cover the expenditure of the sun for from one to 
two years. The mass of the eartli wovdd afford nourishment 
to the sun for a period of from 60 to 120 years. 
, To facilitate the appreciation of the masses and the dis- 
tances occurring in the planetary system, Herschel draws the 
following picture. Let the sun be represented by a globe 1 
metre in diameter. The nearest planet (Merctiry) will be 
about as large as a pepper-corn, di millimetres in thickness, 
at a distance of 40 meties, 78 and 107 meti'ea distant from 
tlie sun will move Venus and the Earth, each 9 millimetres in 
diameter, or a little larger than a pea. Not much more than 
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a quarter of a metre from tlie Earth will be the Moon, the 
size of a mustard seed, 2J milliioetres in diameter. Mars, 
at a distance of 160 metres, 'will have ahont half the diame- 
ter of the Earth ; and the smaller planets (Vesta, Hebe, As- 
trea, Jimo, Pallas, Ceres, &c.), at a distance of from 250 to 
300 metres from the swn, will resemble particles of sand. 
Jupiter and Satnm, 560 and 1000 metres distant from the cen- 
tre, will be represented by oranges, 10 and 9 centimetres in 
diameter. Uranus, of the size of a mtt 4 centimetres across, 
will be 2000 metres ; and Neptune, as large as an apple 6 
cenfimetres in diameter, will be nearly twice as distant, or 
about half a geographical mile away from the ana. From 
Neptune to the nearest fixed star will be more than 2000 geo- 
graphical miles. 

To complete this picture, it is necessary to imagine finely- 
divided matter grouped in a diversified manner, moving slowly 
and gradually towards the large central globe, and on its ar- 
rival attaching itself thereto ; this matter, when favourably 
illuminated by the sun, represents itself to us as the zodiacal 
light. This nebulous substance forma also an important pta;fc 
of a creation in which nothing is by chance, but wherein all 
is arranged with Divine foresight and wisdom. 

The surface of the sun measures 115,000 milhons of 
square miles, or 6^ trillions of square metres ; the mass of 
matter which ui the shape of asteroids falls into the sun every 
miaute is from 94,000 to 188,000 bihione of kilogrammes ; 
one square metre of solar surface, tlierefore, receives on an 
average from 15 to 30 grammes of matter per minute. 

To eoiapare this process witb a terrestrial' phenomenon, a 
gentle rain may be considered which sends down in one hour 
a layer of water 1 millimetre in thickness (during a thunder- 
storm the rainfall is often from ten to fifteen times this quan- 
tity) ; this amounts on a square metre to 17 grammes per 
minute. 
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The cotttinual bombardment of the sua hy these oosmica! 
masses oiight to iaerease ita volume as well as it^ mass, if 
centripetal action only existed. The increase if volume, 
could scarcely be appreciated by man ; for if the specific t^ir- 
ity of these cosmical masses be assumed to be the Bvcae as 
that of the sun, the enlargement of his apparent diimetei to 
the extent of one second, the smallest appreciable magnitude, 
would require from 33,000 to 66,000 years, 

Not quite so inappreciable would be the increase ot the 
mass of the sun. If this roass, or the weight of the ^im, 
were augmented, an acceleration of the motion of the planets 
in their orhita would be the consequence, whereby theii times 
of revolution round the central body would be Biortened. 
The mass of the sun is 2-1 quintmiona of kilogranames ; and 
the mass of the cosmical matter annually arriving at the sun 
'ifands to the above a^j 1 to fium 21 — i2 milhons Such an 
augmentation of the weight ot the sun cught to shorten the 
ilere-U yeai fiom , ^^ th to a-M«~th of its Lngth oi fiom 
jths to f ths uf a lec n 1 

The j] servations ot astioaomers do not aTee witli this 
eonJusicn we must theiefore tail 1 ack on the theory men 
tione 1 at the beemnino' of tliio chapter, which assumes that 
the sun like tlie ote^n is constantly losing and re^eiMng 
equil quantities of matter This h»imomze« ynik the swppo 
sit on thit the I VI a ot the mi-serae lie u^tant q ant t^ 



TI,— THE SrOTS ON THE SUN'S DISC. 

The solar disc presents, according to Sir John Herschel, 
the following appearance. "When the sun is observed 
through a powerful telescope provided with coloured gl^aes 
in ordei- to lessen the heat and brightness which would be 
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hurtfiil to tie eyes, large dark spots are often seen surroundctl 
by edges wliicli are not quite so dark as the spots themselves, 
and whicli are called peaumbrEe, These spots, however, are 
neither permanent nor unchangeable. "When observed frolu 
day to day, or even from hom" to hour, their form is seen to 
change ; they expand or contract, and finally disappear ; oc 
other pai-ts of the solar surface new spots spring into exist- 
ence where none could be discovered before. When they dis- 
appear, the darker part in tJie middle of the spot contracts to 
a point and vaniahea sooner than the edge. Sometimes they 
break up into two or more parts that show all the signs of 
m.ohility characteristic of a liquid, and the extraordinary 
commotion which it aee&s only possible for gaseous matter to 
possess. The magnitude of their motion is very great. An 
are of 1 second, as seen from oui- globe, con-esponds to 465 
English miles on the sun's disc ; a circle of this diameter, 
which measures nearly 220,000 English square miles, is the 
smallest area that can be seen on the solar surface. Spots, 
however, more than 45,000 English miles in diameter, and, 
if we may trust some statements, of even greater dimensions, 
have been observed, Eor sucli a spot to disappear in the 
course of six weeks (and they rarely last longer), the edges, 
whilst approaching each other, must move through a space of 
more than 1000 miles per diem. 

" That portion of the solar disc which is free from spota 
is by no means uniformly bright. Over it are scattered small 
dark spots or pores, which are found by careful observation 
to he in a state of continual change. The slow sinking of 
some cliemical precipitates in a transparent liquid, when 
viewed from the uppei' surface and in a direction perpendicu- 
lar thereto, resembles more accurately than any other phe- 
nomenon tiie changes which the pores undergo. The simOar- 
ity is so striking, in fact, that one can scaxcely resist the idea 
that the appearances above described are owing to a luminous 
mediam moving about in a non-luminous atmosphere, either 
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like the clouds in our air, or in wide-spread planes and flame- 
like columns, or in rays like the aurora borealis. 

" Near large spots, or exf«naive groups of them, large 
spaces are observed to be coYered with peculiarly marked 
lines much brighter than the other parts of the surface ; these 
lines are curved, or deviate in branches, and are called facnlfe. 
Spofa are often seen between these lines, or to originate there. 
These are in all probability tiie crests of immense waves in 
the luminous regions of the solar atmosphere, and bear wit- 
ness to violent action in their immediate neighbonrhood." 

The changes on the solar surface evidently point to the 
action of some external disturbing force ; for every moving 
power resident in the sun itself ought to exhaust itself by its 
own action. These clianges, therefore, are no unimportant 
confirmation of the theory explained in these pages. 

At the same time it must be observed that our knowledge 
of physical heliography is, from the natiire of the subject, 
very limited ; even the meteorological processes and otlier phe- 
nomena of our own planet are still in many respects enigmat- 
ical. For this reason no special information could be given 
about the manner in which the solar surface is affected by 
cosmical masses. However, I may be allowed to mention 
some probable conjectures wJuch offer themselves. 

The extraordinarily high temperature which exists on the 
sun almost precludes the possibility of its surface being solid ; 
it doubtless consists of an cninterrupted ocean of fiery fluid 
matter. This gaseous envelope becomes more rarefied in 
those parts most distant from the sun's centre. 

As most substances are able to assimie the gaseous state 
of aggregation at high temperatures, the height of the sun's 
atmosphere cannot be inconsiderable. There are, however, 
sound reasons for believing that the relative height of the so- 
lar atmosphere is not very great. 

Since the gravity is 28 times greater on the sun's surface 
than it is on onr earth, a column of air on the former must 
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cause a pressure 28 times greater tlian it would oa oui- 
globe. This great pressure compresses air as mucli as a tem- 
perature of 8000° would expand it. 

lu a stdU greater degree than this increased grarilj do the 
qualities peculiar to gases affect the heiglit of the solai' atmo- 
sphere. In consequence of these properties, the density of 
our atmosphere rapidly diminishes aa we ascend, and ir 
as we descend. Generally speaking, rarefaction i 
a geometrical progression when the heights are in an arith- 
metical progression. If we ascend or descend 2^, 5, or 30 
miles, we find our atmosphere 10, 100, or a hiUion times more 
rarefied or more dense. 

This law, although modified by the unequal temperatures 
of the diflferent layers of the photosphere, and the nninown 
chemical nature of the suhstaaces of which it is composed, 
must also hold good in some measure for the sun. As, how- 
ever, the mean temperature of the solar atmosphere must 
considerably exceed tliat of our atmosphere, the density of the 
former will not vary so rapidly with the height as the latter 
does. If we assume this increase and decrease on the sun to 
be ten times slower than it is on our earth, it follows that at 
the heights of 25, 60, and 300 miles, a rarefaction of 10, 
100, and a billion times respectively would be observed. The 
solar atmosphere, therefore, does not attain a height of iOO 
geographical miles, or it cannot be as much as ^th of the 
Sim's radius. For if we take the density of the lowest strata 
of -the sun's atmosphere to be 1000 times greater that that of 
our own near the level of the sea, a density greater than that 
of water, and necessarily too high, then at a height of 400 
miles this atmosphere would be 10 billion times less dense 
than the earth's atmosphere ; that is to say, to human com- 
prehension it has ceased to exist. 

This discussion shows that the solar atmosphere, in com- 
parison with the body of the sun, has only an insignificant 
height ; at the same time it may be remarked that on the 
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sun's surface, in spite of the great heat, saeli substances as 
water may possibly exist in the liquid state under a pressure 
thousands of times greater than that of our atmosphere. 

Since gases, when free from any solid particles, emit, even 
at Tery high temperatures, a pale transparent hght — the so- 
called lumen phUosopMcimi — it is probable that the intense 
white light of the sun has its origin in the denser paiis of hia 
surface. If such be assumed to be the case, the sun's spots 
and faculfe seem to be the diatm'bancea of the fiery liquid 
ocean, caused by most powerful meteoric processes, for which 
all necessary materials see present, and partly to be caused 
by the direct influence of streams of asteroids. The deeper 
and less heated parts of this fiery ocean become thus exposed, 
and perhaps appear to us as spots, whereas the elevations 
form the so-called faculfe. 

According to the experiments made by Henry, an Ameri- 
can physicist, the rays sent forth from the spots do not pro- 
duce the same heating effect as those emitted by the brighter 

We have to mention oae more remarkable circumstance. 
The spots appear to be confined to a zone which extends 30° 
on each side of the sun's equator. The thought naturally 
su^ests itself that some connexion exists between those solar 
processes which produce the spots and faeulre, the velocity of 
rotation of the sun, and the swarms of asteroids, and to de- 
duce therefrom the limitation of the spots to the zone men- 
tioned. It still remains enigmatical by what means nature 
contrives to bring about the uniform radiation which pertains 
alike to the polar and equatorial regions of the sun. 
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VII— THE TIDAL WAVE. 

Ik almost every case the forces aad motions Oil tlie sur- 
face of the earth may be traced back to the rays of the sun. 
Some processes, however, form a remarkable exception. 

One of these is the tides. EeantiM, and in some re- 
spects eshansrive researches oa this phenomenon have been 
made by Newton, Laplace, aad others. The tides ore caused 
by the attraction exercised by the snn and tiie moon on the 
moveable parts of the earth's snrface, and by the axial rota- 
tion of our globe. 

The alternate rising and falling of the level of the sea 
may be compared to the ascent and descent of a pendttlom 
oscillating under the influence of the earth's attraction. 

The continaal resistance, however weak it may be, which 
an instrument of this natnre (a physical pendxdum) suffers, 
constantly shortens the amplitqde of the oscillations which it 
performs ; and if the pendnhim be reqnired to contimie in 
uniform motion, it must receive a constant snpply of vis viva- 
corresponding to the resistance it has to overcome. 

Clocks regulated by a pendulum obtain such a supply, 
either from a raised weight or a bent spring. The power 
consumed in raising the -weight or in bending the spring, 
which power is represented by the raised weight or the bent 
spring, overcomes for a time the resisfanee, and thus secures 
the uniform motion of the pendulum and clock. In doing so, 
the weight sinks down or the spring uncoils, and therefore 
force must be expended in winding the clock up again, or if 
would stop moving. 

Essentially the same holds good for the tidal wave. The 
moving waters rub against each other, against the shore, and 
against the atmosphere, and thus, meeting constantly with re- 
sistance, would soon come to rest if a vis viva did not exist 
competent to overcome these obstacles. This ?)m viva is the 
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rotation of the earth on its asis, and the diminution and final 
eshauation thereof 'wiil be a consequence of such an action. 

The Udal wave ca-ases a diminution of the velocity of the 
rotation of the earth. 

This important conclusion can be proved in different ways. 

The attraction of the sun and the moon disturbs the equi- 
librium of the moveable parts of the earth's surfaoe, so as to 
move the waters of the sea towards tlie point or mericfian 
above and below whfch the raoon culminates. If the "waters 
could move without resistance, the elevated parts of the tidal 
wave would exactly coincide with the moon's meridian, and 
nnder such conditions no consumption of vis viva could take 
place. In reality, however, the moving waters experience 
resistance, in consequence of -which the flow of the tidal 
wave is delayed, and high water occurs in the open sea on 
the average about 2|- hours after the transit of the moon 
throBgh the meridian of the place. 

The watera of the ocean move from west and east towards 
the meridian of the moon, and the more elevated wave is, for 
Hie reason above stated, always to the east of the moon's me- 
ridian ; hence the sea must press and flow more powerfully 
from east to west than fi-om west to east. The ebb and flow 
of the tidal wave therefore consists not only in an alternate 
rising and falling of the waters, but also in a slow progressive 
motion from east to west. The tidal wave produces a gen- 
eral westei-n current in the ocean. 

This current is opposite in direction to the earth's rota- 
tion, and therefore its friction against and collision with the 
bed and shores of the ocean must offer everywhere re'iistance 
to the axial rotation of the earth, and diminish the vis viva of 
its motion. The earth here plays the part of a fly-wheel. 
The moveable parts of its surface adhere, so to speak, to the 
relatively flsed moon, and are dragged in a direction opposite 
to that of the earth's rotation, in consequence of which, ac- 
tion taies place between the solid and liquid parts of this fly- 
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wheel, resistance ia overcome, and the giyea rotatory effect 
djmmished, 

"Water-miDs have heea turned by the action of the tides ; 
the effects produced by such an arrangement are diittiaguished 
in a remarkable manner from those of a mill tm-ned by a 
mountain-sti-eam. The one obtains the vis viva witli which 
it works from the earth's rotation, the other from the sun's 
radiation. 

Various causes combine to incessantly maintain, partly in 
an undulatory, partly in a progressive motion, the waters of 
the ocean. Besides the iirSuencB of the sun and the moon on 
the rotating earth, mention must be made of the influence Of 
the movement of the lower strata of the atmosphere on the 
surface of the ocean, and of the different temperatures of the 
sea in various climates ; the configuration of the shores and 
the bed of the ocean likewise exercise a manifold influence on 
the velocity, direction, and extent of the oceanic currents. 

The motions in our atmosphere, as well as those of the 
ocean, presuppose the existence and consumptioii of vis vwa 
to overcome the continnal resistances, and to prevent a state 
of rest or equilibrium. G-enerally speaking, the power neces- 
sary for the production of atrial euireats roay be of threefold 
origin. Either the radiation of the sun, the heat derived 
from a store in the interior of the earth, or, lastly, the rota;- 
tory effect of the earth may be the source. 

As far as quantity is concerned the sun is by far the most 
important of the above. According to FouiUet's measure- 
ments, a square metre of the earth's sarfaee receives on the 
average 4-408 units of heat from the sun per minute. Since 
one unit of heat is equivalent to 367 Em, it follows that one 
square metre of the surface of our globe receives per minute 
an addition oimsviva equal to 1620 Km, op the whole of the 
earth's surface in the same time 825,000 biUions of Km. A 
power of 75 Km per second is called a horse-power. Ac- 
cording to this, the efiect of the solar radiation in mechaQicaJ 
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work on. OHO square metre of the eartli's surface would ibe 
ei|ual to 0-36, and the total effect for the whole globe 180 bii- 
lioas of horse-powers. A not incousiderahle portion of Una 
enormous quantity of vk viva is consumed in the production 
of atmospheric actions, in consequence of which numerous 
motions are set up in the earth's atmosphere. 

In spite of their great variety, the atmospheric currents 
may be reduced to a single type. In consequence of the une- 
qual heating of tlie earth in different degrees of latitude, the 
coldei' and heavier air of the polai' regions passes in an under 
current towards the equator ; whereas the heated air of the 
tropics ascends to the higher parts of the atmosphere, and 
flows from thence towards the poles. In this manner the air 
of each hemisphere performs a circuitous motion. 

It is known that these currents are essentially modified by 
the motion of tiie earth on its axis. The polar currents, with 
their smaller rotatory velocity, receive a motion from east to 
west contrary to the earth's rotation, and the equatorial cm-- 
rents one from west to east in advance of ttie axial rotation 
of the earth. The former of these currents, the easterly 
winds, must diminish the rotatory effect of the globe, the lat- 
tor, the westerly winds, must increase the same power. The 
final restdt of the action of these opposed influences is, as re- 
gards the rotation of the earth, according to well-linown me- 
chanical principles, ^0 ; for these currents counteract each 
other, and therefore cannot exert the least influence on the 
axial rotation of the earth. This important conclusion was 
proved by Laplace, 

The same law holds good for every imaginable action 
which is caused either by the radiant heat of the sun, or by 
the heat which reaches the surface from the earth's interior, 
whether the action be in the air, in the water, or on the land, 
Tlie effect of every single motion produced hj these means on 
the rotation of the globe, is exactly compensated by the effect 
of another motion in an opposite direction ; so that the result- 
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aat of all tlieas motions is, as far aa the axial rotation of the 
globe is concerned, => 0. 

In those actions known aa the tides, audi compensation, 
however, does not take place ; for the pressure or pnll by 
which they are produced is always stronger from east to west 
than from west to east. The currents caused by this pull 
may ebb and flow in different du'ections, but their motion pre- 
dominates in ttiat which is opposed to the earth's rotation. 

The Telocity of the currents caused by the tide of the at- 
mosphere amounts, according to Laplace's calculation, to not 
more than 75 millimetres in a second, or nearly a geographi- 
cal mile in twenty-four hours ; it is clear that much more 
powerful effects produced by the sun's heat would hide this 
action from observation. The influence of these air-carrents, 
however, iJn the rotatory efiect of the earth is, according to 
the laws of mechanics, exactly the same as it would be ■were 
the atmosphere undisturbed by the sun's radiant heat. 

The combined motions of air and water are to 1 ^ d d 
from the same point of view. If we imagine th nflu n 
of the sun and that of the interior of our globe n t t x t 
the motion of the air and ocean from east to west till I ft 
as an obstacle to the axial rotation of the earth. 

The motion of the waters of the ocean from 1 1 ■n st 
was long ago verified by observation, and it is certain that 
the tides are the most effectual of the causes to which this 
great westerly current is to be referred. 

Besides the tidal wave, the lower air-currents moving in 
the same direction, the trade-winds of the tropics especially, 
may he assigned as causes of this general movement of the 
waters. The westerly direction of the latter, however, is not 
confined to the region of easterly winds ; it is met with in the 
region of perpetual calms, where it possesses a velocity of 
several miles a day ; it is observed far away from the ti-opics 
both north and south, in regions where westerly winds pre- 
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vailj acar the Cape of Good Hope, the Straits of Magellan, 
the aj-ciic i-egions, &c. 

A third cause for tJie production of a general motion of 
trattslation of the 'waters of the ocean is the unequal heating 
of the sea in different zones. According to the laws of hy- 
droatatica, the colder water of (he higher degrees of latitude 
is compelled to flow towards the equator, and the warmer 
water of the - tropics towards the poles, in conset[uence of 
which, sinailai- moveiHents are produced in the ocean to those 
in the atmosphere. This is the canse of the cold under cur- 
rent from the poles to the equator, and of the warm surface- 
current from the equator to the poles. The waters of the lat- 
ter, hy virtue of the greater velocity of rotatioa at tlie equa- 
tor, assume in their onward progress a direction from west to 
east. It is a striking proof of the preponderating influence 
of the tidal wave that, in spite of this, the motion of the 
ocean is on the whole in an opposite direction. 

Theory and experience thna agree in the result that tbe 
influence of the moon on the rotating earth cauaes a motion 
of translation from east to weat in both atmosphere and 
ocean. This motion must continually diminish the rotatory 
effect of the earth, for want of an oppoaite and compensating 
influence. 

The continual presaure of the tidal wave against the axial 
i-otation of the earlh may also be deduced iivDm statical laws. 

The gravitation of the moon affects without exception all 
parts of the globe. Let the earth be divided by the plane of 
the meridian in which tiie moon happens to be into two hemi- 
apheres, one to the east, the othei' to the west of this merid- 
ian. It is clear that tte moon, by its attraction of tlie east- 
ern hemisphere, tenda to retard the motion of the earth, and 
by its attraction of the western hemisphere, to accelerate the 
same rotation. 

Under certain conditions both these tendencies compensate 
sach other, and then the action of the moon on the earth's 
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rotation bacomes zero. This happens "wlion hoth hcjuisphcrea 
are arranged in a certain manner symmetrically, or ■when no 
parte of the earth can change their relative position ; ia the 
latter case a sort of symmetry is produced by the rotation. 

The form of the earth deviates from a perfectly symmet- 
rical sphere on account of the three following causes : — (1) 
the flattening of the poles, (2) the mountains oa the surface, 
and (3) the tidal wave. The first two causes do not change 
the velocity of the earth's axial rotation. In order to com- 
prehend clearly tlie effect of the tidal wave, we shall imagine 
the earth to be a perfectly symmetrical sphere uniformly sur- 
rouBded by water. The attraction of the sun and the moon 
disturbs the equilibrium of this mass, and two flat mountains 
of water are formed. The top of one of these is directed 
towards the moon, and the summit of the otlier is tiu-ned 
away from it. A straight liae passing through the tops of 
these two mountains is called the major axis of this earth- 
spheroid. 

In this state the earth may be imagined to be divided 
into three parts — a smaller sphere, and two spherical seg- 
ments attached to tiie opposite sides of the latter, and repre- 
senting the elevations of the tidal wave. The attractioa of 
the moon on the small central sphere does not change the ro- 
tation, and we have therefore only to consider tlie influence 
of this attractioa on the two tidal elevations. The upper ele- 
vation or moimtain, the one nearest the moon, is attracted 
towards the west because its mass is principally situated to the 
east of the moon, and the opposite mountain, which is to the 
west of the moon, is attracted towards the east. The upper 
tidal elevation is not only more powerfully atti-aetod because 
it ie nearer to the moon, but also because the aagle under 
which it is pulled aside is more favourable for lateral deflec- 
tion than in the case of the opposite protuberance. Tlie pres- 
sure from east to west of the ui}per elevation preponderates 
e over the pressure from west to east of the opposite 
13* 
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inoantain ; according to calculation, these quaoLities stand la 
each other nearly as 14 to 13. From the relative position of 
these two tidal protuberances and the moon, or the unchange* 
able position of the major axis of the earth-spheroid towarda 
the centre of gravity of the moon, a pressure results, which 
preponderates from east to west, and offers aa obstacle to the 
earth's rotation. 

If gravitation were to be compared mth magnetic attrac- 
tion, the earth might be considered to be a large magnet, one 
pole of which, being more powerfnlly attracted, would repre- 
sent the upper, and the other pole the lower tidal elevation. 
As the upper tidal wave tends to move towards the caooQ, the 
earth would act like a galvanometer, whose needle has been 
deflected from the magnetic meridian, and which, while tend- 
ing to return thereto, exerts a constant lateral pre&sure. 

The foregoing discussion may suf&ce to demonstrate the 
influence of the moon on the earth's rotation. The retarding 
pressure of the tidal wave may quantitatively be defennined 
in the same manner as that employed in computing the pre- 
cession of the eijuinoses and the nutation of the earth's axis. 
The varied distribution of land and water, the unequal and 
unknown depth of the ocean, and the as yet imperfectly ascer- 
tained mean difference between the time of tlie moon's cul- 
mination and tliat of high water in the open sea, enter, how- 
eyer, as elements into such a calculation, and render the de- 
sired result an ancertaiti quantity. 

In the mean time this retarding pressure, if imagined to 
act at the equator, cannot be assumed to be less than 1000 
millions of kilogrammes. la order to start with a definite 
conception, we may be allowed to use this round number ae a 
basis for the following csdculatione. 

The rotatory velocity of the earth at the equator is 464 
metres, and the consumption of mechanical work, therefore, 
for the maintenance of the tides 464,000 miUiona of Km, or 
6000 millions of horse-powers per second. The effect of the 
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tides may coBseqaently be estimated at ipo*^ f>^ '^^^ effect re= 
ceived by tie eartli from the sun. 

Tlie rotatory effect which the earth at prcseat possesses, 
may be calculated from its mass, volnme, and velocity of rota- 
tion. Tho volume of the earth is 2,650,686,000 cubic miles, 
and its specific gravity, according to Reich, ^ 6-H. If, for 
the sate of simplicity, we assume the density of the earth to 
be uniform throughout its mass, we obtain from the above 
premises, and the known velocity of rotation, 25,840 quadril- 
lions of kilogrammctres as the rotatory effect of the eaith. 
If, during every second in 2500 years, 404,000 millions of 
Km of tliis effect were consumed by tlie ebb and flow of the 
tidal wave, it would suffer a diminution of 36,600 trillions of 
Km, or about ispjih of its quantity. 

The velocities of rotation of a sphere staad to each other 
in the same ratio as the square roots of the rotafcsry effects, 
when the volume of the sphere remains constant. From this 
it follows that, in the assumed time of 2500 years, the length 
of a day has increased ];5o5;5S)tb ; or if a day be taken equal 
to 86,400 seconds, it has leogtbened ath of a second, if the 
volume of the earth has not changed. Whether this supposi- 
tion be correct or not, depends on the temperature of our 
planet, and will be discussed in the next chapter. 

Tho tides also react on the motion of the moon. The 
stronger attraction of the elevation nearest to, and to the cast 
of the moon, increases with the tangential velocity of our sat- 
ellite ; the mean distance of the earth and the moon, and the 
thne of revoltition of the latter, are consequently augmented. 
The effect of this action, however, is insignificant, and, ac- 
cording to calculation, does not amount to more than a fr-ac* 
fion of a second in the course of centuries. 
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Till.— THE EARTH'S INTEEIOfi HEAT. 

WiTHOOT doubt Uiere was once a time ivlien our globe 
had not assumed its present magaitude. According to thia, 
by aid of this simple assumption, the origin of our planet may 
be redueed to the union of once separated masses. 

To the mechanical combinations of masses of the second 
order, with masses of the second and thii'd order, &o., the 
same laws as those enunciated for the sun apply. The collis- 
ion of such masses must always generate an amount of heat 
proportional to the squares of their velocities, or to their me- 
chanical effect. 

Although we are not in a position to affirm anything cer- 
tain respecting the primordial conditions under ■which the 
constituent parts of the earfii existed, it is nevertheless of the 
greatest interest to estimate the quantities of heat generated by 
the collision and combination of these parts by a standard 
based on the simplest assumptions. 

Accordingly we shall consider for the present the earth to 
have been formed by the union of two parts, which obtained 
their relative motions by their mutual attraction only. Let 
the whole mass of the present earth, expressed iii kilo- 
grammes, bo T, and tiie masses of the two portions T—» and 
K. The ratio of these two quantities may be imagined to 
assume various values. The two extreme cases are, when as 
is considered infinitely small in comparison with T, and when 
X = T— x^^T. These form the limits of all imaginable 
ratios of the parts T—x and a-, and will now be more closely 
exaaiined 

Teriestriil heights aie of course excluded' from the fol- 
lowing consideration In the first place, let x, in comparison 
with T—1, be mflnitLly small. Tlie final velocity with 
which ^ axiives on the suila^-i; of the large mass, after having 
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passed through a gi-eat space in a atraiglit line, or after pre- 
vious central motion round it, ia, according to the laws devel- 
oped in relation fo the sun in Chapter III., conlined within 
the limits of 7908 and 11,183 metres. The heat generated 
by this process may amount to from 8685xis to 17,370X!» 
units, accoiding to tlie value of the major axis of the orbit 
of X. This heat, however, vanishes by its diatiibution tlirough 
tlie greater mass, becaiise x is, according to supposition, mfl- 
nitely small in comparison with T. 

The quantity of heat generated incioates with a, and 
amounts ia the second case, when 3! = i^T, to fiom 6000 xT 
to 8685 XT units. 

If we assume the earth to possess a very great capacity 
for heat, equal in fact to that of its volume of water, which 
when calculated for equal weights ^ O-lSi, the above discus- 
sion leads to the conclusion that the differeace of temperature 
of the constituent parts, and of the earth after their union, or, 
in other wxirds, the heat generated by the collision of these 
parts, may range, according to their relative magnitude, from 
0° to 32,000", or even to 47,000° ! 

With the number of parte which thus meehanieally com 
bine, the quantity of heat developed increases. Far greatei 
stiU would have been the generation of heat if the constituent 
parts had moved in separate orbits round the sun before their 
union, and had accidentally approached and met each other. 
For various re^ons, however, this latter supposition is not 
very probable. 

Several facts indicate that our earth was once a flery 
liquid mass, which has since cooled gradually, down fo a com- 
paratively inconsiderable depth from the surface, to its pres- 
ent temperature. The first proof of this is the form of the 
earth. " The form of the earth is its history." According 
to the most cai-eful measurements, the flatfeuing at tlie poles 
is exactly such as a Kquid mass rotating on its axis with the 
velocity of tlie earth would possess ; from this we may con- 
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cluile ttiat tile earth at the tixae it Tceeived ita rotatory motion 
was in a Kqnid state ; and, after much controTcrsy, it may be 
considered as settled that tliis liquid condition waa not that of 
an aqueons sohition, hut of a mass melted hy a high t«mpera- 

The temperature of tke crust of the glohe likewise fur- 
nishes proof of the esiatenco of a store of heat in its interior. 
Many esaet esperimeais and ineasurements show that the 
temperature of the eartli increases with the depth to which 
we penetrate. In horiug the artesian well at Grenelle, which 
is 546 metres deep, it was observed that the temperature aug- 
mented at the rate of 1° for every SO metres. The same re- 
sult was obtained by observations in the artesian well at Mon- 
dorf in Lusembonrg : this well is 671 metres in depth, and 
its water 5i° warm. 

Thermal springs furnish a striking proof of the high tem- 
perature existing in the interior of the earth. Scientific men 
are agreed that the aqueous deposits from the atmosphere, 
la n h'\il lew and saow, are the sole causes of the forma- 
tion of sj nngs The water obeying the laws of gravity, per- 
colates thiouEjh the earth wherever it caw, and reappears at 
the surface iq places of a lower situation. When water sinks 
to consileiable depths through vevtical crevices in the rocks, 
it aciuiies the temperature of the surrounding strata, and 
leturns a a thermit spring to the surface. 

Such -watcis are frequently distinguished from the water 
of ordmaiy '*pimga merely by their possessing a higher fem- 
jerituie If however, the water in its course meets with 
mmeiil or o ^ani substances which it can dissolve and re- 
tiin it then reappears as a minei-al spring, Examples of 
B ich aie met with it Aachen, Carlsbad, &c. 

In a tar more decided manner than by the high tempera- 
ture of the wafer of certain springs, the interior heat of oui' 
glol e IS mide manifest by those fiery fluid masses which 
sometmiew rise from considerable depths. The temperature 
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of the earth's crust iucreases at the rate of 1° for every 30 
metres we descend from the surface towards the centre. Al- 
though it is incredible that this augmentation can continue at 
the same rate till the centre he reached, we may nevertheless 
assume witii certainty that it does continue to a considerable 
depth. Calculation based on this assumption shows that at 
a depth of a few miles a temperature must exist sufficiently 
powerflilto fese moat substances. Such molten masses pene- 
trate the cold crust of the globe in many places, and make 
their appearance as lava. 

A distinguished scientific man has lately expressed him- 
self on the origin of the interior heat of the earth as follows : 
— " No one of course can explain the final causes of things. 
This much, however, is clear to every thiniing man, that 
■ there is just as much reason that a body, hie the earth, for 
example, should be warm, warmer than ice or human blood, 
as there is that it should be cold or colder than the latter. A 
particular cause for this absolute heat is as little necessary as 
a cause for motion or rest. Change — that is to say, transi- 
tion fi-om one state of things to another — alone requires and 
admits of explanation." 

It is evident that this reflectloa is not fitted to suppress the 
desire for an explanation of the phenomenon in question. As 
all matter has the tendency to assume the same temperature 
as that possessed hj the substances by which it happeas to be 
surronnded, and to remain in a quiescent state as soon as 
equilibrium Las been established, we must conclude that, 
whenever we meet with a body warmer than its neighbours, 
. soeh body must have received at a (relatively speaktng) not 
far distant time, a certain degiee of heat, — a process which 
certainly aUows of, and requues explanation, 

Newton's theory of gravitatmn, whiht it enables us to de- 
.enaine, from its present foim, the eaiths state of aggrega- 
tion in ages past, at the same time pomtt out to us a source 
of heat powei'ful enough to pioduce such a state of aggrega^ 
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tioa, powerful enough to melt worlds ; it teaches us to coii- 
aider the molten state of a planet as the reaalt of the mechan- 
ical union of cosaiical masses, and thae derive the radiation 
of the Bun and the heat in the bowels of the earth from a 
common origin. 

The rotatory effect of the earth also may be readily ex- 
plained by the collision of its constituent parts ; and we most 
accordingly suhtraflt the vis viva of the axial rotation from 
the -whole effect of ^e collision and mechanical combination, 
in order to obtain the quantity of heat generated. The rota- 
tory effect, however, is only a small quantity in comparison 
with the interior heat of tlie earth. It amounts to about 
4400 XT kilogrammetres, T being the v^eight of the earth in 
kilogrammes, which is equivalent to 12 xT units of heat, if 
we assume tiie deasity of the earth to be uniform throughout. 

If we imagine the moon in tlie course of time, either in 
consequence of the action of a resisting medimn or from 
aome other cause, to unite herself with oui" earth, two princi- 
pal effects are to be discerned. A result of the collision 
■would be, that the whole mass of the moon and the cold crust 
of the earth would be raised some thousands of degrees in 
temperature, and consequently the surface of tlie earth would 
be converted info a fiery ocean. At the same time the velo- 
city of the earth's axial rotation would be somewhat acceler- 
ated, and the position of its asis with regard to the heavens, 
and to its own surface, slightly altered. If the earth had 
been a cold body without asial rotation, tlie process of its 
combining with the moon would have impaited to it both 
heat and rotation. 

It is probable that such processes of combination between 
diffesrent parts of our globe may have repeatedly happened 
before the earth attained its present magnitude, and that lux- 
uriant vegetation may have at different times been buried un- 
der the flery debris resulting trom the conflict of these masses. 
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As long as the surface of our globe was in an incandea- 
cent state, it must have lost heat at a very rapid rate ; grad- 
ually thia process became slower ; and although it has not yet 
entirely ceased, the rate of cooling must have diminished to a 
comparatively small magnitude. 

Two phenomena are caused by the cooling of the earth, 
which, on accoimt of their common origin, are intimately re- 
lated. The decrease of temperature, and consequent contrac- 
tion of the earth's crust, must have caused frequent distur- 
bances and revolutions oo its surface, accompanied by the 
ejection of molten masses and the formation of protuberances ; 
on the other hand, according to the laws of mechanics, the 
velocity of rotation must have increased with the diminution 
of the volume of the sphere, or, in other words, the cooling 
of the earth, must have shortened the length of the day. 

As the intensity of such diaturbances and the velocity of 
i-otation are closely connected, it is clear that the youth of our 
planet must have been distinguished by continual violent 
transformations of its crust, and a perceptible acceleration of 
the velocity of its axial rotation ; whilst in tlie present time 
the metamorphoses of its surface are much slower, and the 
acceleration of its axial revolution diminished to a very small 
amount. 

If we imagine the times when the Alps, the chain of the 
Andes, and the Peak of Teneriffe were upheaved from the 
deep, and compare vrith such changes the eai-thquakes and 
volcanic eruptions of historic times, we perceive in these 
modern transformations hut weak images of the analogous 
processes of bygoae ages. 

Whilst we are surrounded on every side by the monu- 
ments of violent volcanic convulsions, we possess no record 
of the velocity of the axial rotation of our planet in antedi- 
luvian times. It is of tlie greatest imporlsmce that we should 
have an exact knowledge of a change in this velocity, or in 
the length of the day during historic times. The investiga- 
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tiou of this sulijoct by the great Lapiace forms a Ijriglit moE' 
ument in the depaitraeat of exact Bcience. 

These calculations are esseEtiolly conducted in the follow- 
ing manner : — lu the first place, the time between two eclipses 
of the sun, widely apart from each other, is SiS accurately 
as possible expressed in days, and from thie the ratio of the 
time of the earth's rotation to the mean time of the moon's 
reyolution determined. If, now, the observations of ancient 
astronomers be compared with those of our present time, the 
least alteration in the absolute length of a day may be de- 
tected by a change in this ratio, or in a disturbance in the 
hmar revolution. The most perfect agreement of ancient rec- 
ords on the movements of the moon and the planets, on the 
eclipses of the sun, &c., revealed to Laplace the remarkable 
fact that in the course of 25 centm-ies, the time in which our 
earth revolves on its axis has not altered jsjth part of a sexar 
gesimal second ; and the length of a day therefore may be 
considered to have been constant during historic tim«s. 

This resnlt, as important as it was convenient for astron- 
omy, was nevertheless of a nature to ci-eate some difficulties 
for the physicist. With apparently good reason it was con- 
cluded that, if the velocity of rotation had remained constant, 
the volume of the es^th coiild have undergone no change. 
Tbe earth completes one revolution on its axis in 86,400 si- 
dereal seconds ; it consequently appeal's, if this time has not 
altered during 2500 years to the extern, of ^th of a second, 
or sjos^oth part of a day, that during fliis long space of time 
the radius of the earih also cannot have altered moi-e than 
thfe fraction of its length. The earth's radius measures 
6,369,800 metres, and therefore its length ought not to have 
diminished more than 15 centimetres in 25 centuries. 

The diminution in volume, as a result of the cooling-pro- 
cess, is, however, closely connected with the changes on the 
earth's surface. When we consider Hiat scarcely a day 
passes without the occurrence of an earthquake or shock in 
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one place or another, and that of the 300 active Tolcanos 
6ome are always in action, it woulc! appear that such a lively 
reaction of the interior of the earth against the crnat ia in- 
compatible with the constancy of its volume. 

This apparent discrepancy between Cordier's theory of the 
connexion between the coohng of the earth and the reaction 
of the interior on the exterior parts, and Laplace's calcula- 
tion showing the constancy of the length of the day, a calcu- 
lation which is undoubtedly correct, has induced most scien- 
tific men to abandon Cordier's theory, and thus to deprive 
themaelvea of any tenable explanation of voleamc activity. 

The continued cooling of the earth cannot he denied, for 
it takes plac« according to the laws of nature ; in this respect 
the earth cannot comport itself differently from any other 
mass, however small it may be. In spite of the heat which 
it receives from the aun, the earth will have a tendency to 
cool so long as the tomperature of ita interior is higher than 
the mean temperature of it« surface. Between the tropics the 
mean temperatm-e produced by the sun is about 28°, and the 
sun therefore ia as little able to stop the cooling-tendency of 
the earth as the moderate warmth of die air can prevent the 
cooling of a red-hot ball suspended in a room. 

Many phenomena, for instance the melting of the glaciers 
near the bed on which they rest, show the uninterrupted 
emission of heat from the interior towards the exterior of the 
earth ; and the question is, Has the earth in 25 centuries 
actually lost no more heat tlian that whii:h is requisite to 
shorten a radius of more than 6 millions of metres only 15 



In answering this question, three points enter into our 
calculation ; — (1) the absolute amount of heat lost by the 
earth in a certain time, say one day ; (2) the earth's capacity 
for heat ; and (3) the coefficient of espansion of the mass of 
tlie earth. 

As none of these quantities can be determined by direct 
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measnremeats, we are obliged to content ourselves ■with prolb- 
able estimatea ; these estimates ■will carry the more ■weight 
the Was ihey are foiined in favour of some preconceived opin- 
ion. 

Considering ■what is kno'wn ahout the expansion and con- 
traction of solids and liquids by heat and cold, we arrive at 
tJie conclusion that for a diiainutjon of 1° in temperature, 
the linear contraction of the earth cannot well- be less than 
ioSjoojth part, a, number which we ail the more readily adopt 
because it has been used by Laplate, Arago, and others. 

If we compare the capacity for heat of all solid and liquid 
bodies which have been, examined, we find that, both as re- 
gards volume and weiglit, the capacity of water is the great- 
eat. Even the gases come under this nile ; hydrogen, how- 
ever, forms ah exception, it having the greatest capacity for 
heat of ah bodies when compaa^d ■with an equal weight of 
water. In order not to take the capacity for heat of the mass 
of the earth too small, we shall consider it fo be equal to that 
of ita volume of water, which, when calculated for equal 
weights, ajnounta to 0'184,* 

If we accept Laplace's result, that the length of a day has 
remained constant during the last 2500 yeai's, and conclude 

* The capacity lot healj as well es the coefficient of expansion of mat- 
ter, as a, mle, increases at Jiiglier ■temperatnrea. As, however, these two 
qunntitiea act in opposite wajs !n our CBlculalions, we may tie allowed to 
^spense ■with the influence which the high temperatm^e of the interior of 
the earth must exercise on these uumberB. Eyen if, in coi^eijuence of 
the high temperature of the interior, the eai'th's mass could have a capar 
city two or three thnes aa great as that which it has from 0° to 100°, it 
is to he considereiJ, on the other hand, that the coefficient of eipanrfon, 
TiTir.VffB' "^"'y ^'^^^^ K''*"^ '''r solids, and is even small for thorn, wldlat In 
ihe case of liquids we baye to assume a much greata.' coeiEoient r for mer- 
cvirj hetween 0° and 100°, it is about ds times as great. Espeinally great 
is the contraction and expani^on of bodies when they change then state 
of aggi^egatiou ; and this should be taken into account when conslderfng 
the formation of tJie earth's crust. 
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that the earth's radius has Hot climinished 1^ decimetre in 
consequence of cooling, we are ohliged to assume, according 
to the premises stated, that the mean temperature of our 
planet cannot have decreased ^^ in the same period of time, 

The volume of the earth aonounts to 3S50 millions of cu- 
bic miles. A loss of heat sufficient to cool this mass ^° 
would be equal to ihe heat givea off when the temperatm-e 
of 6,150,000 cubic miles of water decreases 1° ; hence the 
loss for one day would be equal to 6'74 cubic miles of heat. 

Fourier has investigated the loss of heat sustained by the 
eaMh. Taking the obserTation tha* the temperatm-e of tha 
earth increases at tlie rate of 1° for every 30 metres as the 
basis of his calculations, this celebrated mathematician finds 
the heat which the globe loses by conduction through its crust 
in the space of 100 years to be capable of melting a layer of 
ice S metres in thickness and covering the whole siu-face of 
the globe ; this corresponds in one day to 7-7 cubic niiles ot 
heat, and in 2500 years to a decrease of 17 centimetres in 
the length of the radius. 

According to this, the cooling of the globe would be suffi- 
ciently great to require attention when the earth's velocity of 
rotation is considered. 

At tlie same time it is clear that the method employed by 
Fourier can only bring to oiu- knowledge one part of the heat 
which is annually lost by the earth ; for simple conduction 
throngh terra Jb-rna is not the only way by which heat escapes 
fi-om our globe. 

In the Jirst place, we may make mention of the aqaeons 
deposits of our atmosphere, which, as far as they penetrate 
oiu earth, wash away, so to speak, a portion of the heat, and 
thus acceleiate the cooling of the globe. The whole quantity 
of water which falls from the atmosphere upon the land in 
one daj, howevei, cannot be assumed to be much more than 
half a cubic mUe in volume, hence the cooling effect produced 
by tills water may be neglected in our calculation. The heat 
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carried off by all the thermal springs in the ■worM is very 
small in comparisoa with tJie quantities which we have to 
consider here. 

Much more important is the effect produced by active vol- 
canoe. As the heat which accompanies the molten matter to 
the surface is derived from the store in the interior of the 
earth, their action must influence considerably the diminution 
of the earth's heat. And we have not only to consider here 
actual eruptions which take plsice in succession or simulta- 
neously at different parts of the earth's surface, but also vol- 
couos in a quiescent sta,te, which continually radiate large 
quantities of heat abstracted from the interior of the globe. 
If we compare the earth to an animal body, we may regard 
each volcano as a place where the epidermis has been torn 
off, leaving the interior exposed, and thus opening a door for 
the escape of heat. 

Of the whole of the heat which passes away through 
these numerous outlets, too low an estimate must not be 
made. To have some basis for filie estimation of this loss, 
we have to recollect that in 1783 Skaptar-Jokul, a volcano in 
Iceland, emitted swfSoient lava in the space of six weeks to 
cover 60 square mUes of country to an average depth of 200 
metres, or, in other words, about 1^ cubic miles of lava. 
The amount of heat lost by this one eruption of one volcano 
m st when the hi h temper t e ot the la a is cons lered 
be estmiited to be more th n 1000 b c miles of heat anl 
the wiole loss cs ilt n f m the act on of all tl e vol aaos 
amoocts theretor n all p obab hty to thou an Is of cub c 
m 1 s of he^t [ e annum Th s latter numl er when a 1 led 
t Fou p eltpol gasmwhchednUdos not 
agree w th th ass imj t n that tl e ol me f on eiith 1 s 
remame 1 unci ano-ed 

In the n est ^at on of the oobn^ of "It tl e mfln 
ence of the witer of the ocean his to ) e taken mo e o nt 
Founei s calculations are based on the oi servat ons of the m 
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crease of the temperature of tlie crust of our earth, from the 
surface towards the centre. But two-thirds of the surface of 
our globe are covered with water, and we cannot assume a 
priori that this large area loses heat at the same rate as the 
solid parts ; on the contrary, various circumstances indicate 
that the cooling of our globe proceeds more quickly through 
the waters of the ocean resting oq it than from the solid parts 
merely in contact with the atmosphere. 

In the first place, we have to remark that the bottom of 
Ihe ocean is, generaDy speaking, nearer to the store of heat 
in the interior of the earth than the dry land is, and hence 
that the temperature increases most probably in a greater 
ratio irom the bottom of the sea towards the interior of the 
globe, than it does in our observations on the land. Sec- 
ondly, we have to consider tliat the whole bottom of the sea 
is covered by a layer of ice-cold water, which moves con- 
stantly from the poles to the equator, and which, in its pas- 
sage over sand-baJiks, causes, as Humboldt aptly remarks, 
the low temperatures which are generally observed in shallow 
places. That the water near the bottom of the eea, on ac- 
count of its gi'eat specific Leat and its low temperature, is 
better fitted than the atmosphere to withdraw the heat from 
the earth, ia a point which requires no further discussion. 

We Lave plenty of observations which prove that the 
earth suffers a great loss of heat through the waters of the 
ocean. Many investigations have demonstrated the existence 
of a large expanse of sea, much visited by whalers, situated 
between Iceland, Grreenland, Norway, and Spitzbergen, and 
extending froio lat. 76° to 80° N., and from long. 15° E. to 
15° W. of Greenwich, where the temperature was observed 
to be higher in the deeper water than near the surface — an 
experience which neither accords with the general rule, nor 
agrees with the laws of hydrostatics. EVanklin observed, in 
lat. 77° N. and long. 12° E., that the temperature of the sea 
near the surface was — i°, and at a depth of 700 fathoms 
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+ 6°. Fishci-, in lat. 80° N. and loDg. 11° E., noticed tliat 
the a m-f ace-water had a teniperatTire of 0", whilst at a depth 
of 140 fathoms it stood at-(-8°, 

Ae sea-wat«r, unlike pure waloi-, does not poasesa a point 
of greateat denaity at some distance above the freezing-point, 
and as the water in lat. 80° N. is found at some depth to be 
warmer than water at the same depth 10° southward, we can 
only explain this remarkable phenomenon of an increase of 
tempei'ature with an increase of depth by the existence of a 
source of heat at the bottom of the sea. The heat, however, 
which ia required to warm, the water at the bottom of an ex- 
panse of oeea.n more than 1000 aquare miles in extent to a 
sensible degree, must amount, a<MM>rding to the lowest esti- 
mate, to some cubic miles of heat a day. 

The same phenomenon has been observed in other parts 
of the world, such as the west coast of Australia, the Adri- 
atic, the Lago Maggiore, &c. Especial mention should here 
be made of an observation by Homer, according to whom the 
lead, when hanled up from a depth varying from 80 to 100 
fathoms in the mighty Gulf-stream off the coast of America, 
used to be hotter than boiling water. 

The facts above mentioned, and some others which might 
be added, clearly show that the loaa of heat suffered by our 
globe during the last 2500 years is far too great to have been 
without sensible effect on the velocity of the earth's rotation. 
The reason why, in apite of this accelerating cause, tlie length 
of a day has ncTertheleas remained constant ainee the most 
ancient times, must be attributed to au opposite retarding ac- 
tion. This consists in the attraction of the suu and moon on 
the liquid parts of the earth's surface, aa explajued in tliC 
last chapter. 

According to the calculations of the last chapter, the re- 
tarding pressure of the tides against the earth's rotation 
would cause, during the lapse of 3500 years, a sidereal <Iay 
to be lengthened to the extent of r^th of a second ; as the 
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lengtli of a day, however, has remained coBstant, the coolmg 
effect of the eartli during the same period of time must have 
shortened the Lay jjth of a second. A diminution of the 
earth's radius to the amount of 4J metres in 2500 years, and 
a daily loss of 200 cubic miles of heat, correspond to this 
effect. Hence, ia the course of the last 25 centuries, the 
temperature of the whole mass of the earth must have de- 
creased ,-j°. 

The cot inconsiderable contraction of the eai-th resulting 
from such a loss of heat, agrees with (he continual transfor- 
mations of the earth's surface by earthquakes and volcanic 
eruptions ; and we agree with Cordier, the industrious ob- 
server of volcanic processes, iu considering these phenomena 
a necessary consequence of the continual cooling of an earth 
which is still in a molten state in its interior. 

When, our earth was in its youth, its velocity of rotation 
must have increased to a very sensible degree, on account of 
the rapid cooling of its then very hot mass. This accelera- 
ting cause gradually diminished, and as the retarding pressure 
of the tidal wave remains nearly constant, the latter must 
finally preponderate, and the velocity of rotation therefore 
continually decrease. Between these two states we have a 
period of equilibrium, a period when the influence of the 
cooling and that of the tidal pressure counterbalance each 
other ; the whole Kfe of the earth therefore may be divided 
into three periods — youth with increasing, middle age with 
uniform, and old age with decreasing velocity of rotation. 

The time dixriog which the two opposed influences on the 
rotation of the earth are in equilibrium can, strictly speak- 
ing, only be very short, inasmuch as ia one moment the cool- 
ing, and in the nest moment the pressure of the tides must 
prevail. In a physical sense, however, when measured by 
human standards, the influence of the cooling, and still more 
so that of the tidal wave, may for ages be considered con- 
stant, and there must consequently exist a period of many 
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thoasand years' duration during which these counteracting 
infineaccs will appear to be eqnal. Within this period a si- 
dereal day attains ita shortest length, and the velocity of the 
earth's rotation its maaimnm — circumfltances which, accord- 
ing to mathematical analysis, would tend to lengthen the du- 
ration of this period of the earth's existence. 

The historical times of mankind are, according to La- 
place's calculation, to be placed in this period. "Whether we 
are at the present moment still near its commencement, its 
middle, or are approaching its coaclusiou, is a question which 
cannot be solved by our present data, and must be left to fu- 
ture generations. 

The continual cooling of the eaitli cannot be without an 
influence on the temperature of its surface, and consequently 
on the climate ; scientific men, led by Buffon, in fact, have 
advanced the supposition that the loss of heat sustained by 
oiu" globe must at some time render it an unfit habitation for 
organic life. Such an apprehension has evidently no founda- 
tion, for the warmth of the earth's surface is even now much 
more dependent on the rays of the sun than on the heat whidi 
reaches us fi-om the interior. According to Pouillet's meas- 
urements, mentioned in Chapter HI., the earth receives 8000 
cubic miles of heat a day from the sun, whereas the heat 
which reaches the surface from the earth's interior may he 
estimated at 200 cubic miles per diem. The heat therefore 
obtained fi,-om tlie latter source every day is but small in com- 
parison to the diurnal heat reeeivect from the sim. 

If we imagine the solar radiation to be constant, and the 
heat we receive from the store in the interior of the earth to 
be cut off, we should have as a consequence various changes 
in the physical constitution of the surface of our globe. The 
temperature of hot springs would gradually sink down to the 
mean temperature of the earth's crust, volcanic eruptions 
would cease, earthquakes would no longer be felt, and the 
temperature of the water of the ocean would be sensibly al- 
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tered in many places — circumstances which would doubtless 
affect the chmate in many parts of the world. Especially it 
roay be presumed that Western Eiuropej with its present far 
vourable climate, would become colder, and thtis perhaps the 
seat of the power and eulture of our ra«e transferred to the 
vailder parts of North America. 

Be this aa it may, for thousands of years to come we can 
predict no diminution of the temperature of the surlace of 
our globe as a consequence of the cooling of its interior mass ; 
and, aa far as hiatoric records teach, the climates, the tempe- 
ratures of thermal springs, aad the intensity and frequency 
of volcanic eruption are now the same as they were in the 
far past. 

It was different in prehistoric times, when for centuries 
the earth's surface was heated by internal fire, when mam- 
moths lived in the now uninhabitable polar regions, and when 
the tree-ferns and the tropical shell-fiah whose fossil i 
are now especially preserved in the coal-formation ^ 
home in all parts of the world. 
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THE ¥ftSt and magniflcent structure of tlie experimental 
sciences has been erected on only a few pillars. His- 
tory teaches us tliat tlie searching spirit of man required 
thousands of years for the discovery of the fundamental prin- 
ciples of tiie sciences, on which the superstructure was then 
raised in a compai-atiTely short time. But these very funda- 
mental propositions are nevertheless so clear and simple, that 
the discovery of them reminds us, in more than one respect, 
of Columbus's egg. 

But if, now that we are at last in possession of the truth, 
we speak of a method by the application of which the most 
essential funilamental laws might have been discovered with- 
out wtwte of time, it ie not that we would criticize in any light 
spirit the efforts and acliievements of our forerunners : it is 
merely with the object of laying before the reader in an ad- 
vantageous foi-m one of the additions to our Itnowledge which 
recent times have brought fotth. 

The moat important — ^not to say the only — rule for the 
gentiiae iuvestigation of nature is, to remain firm in the con- 
viction that the problem before us is to learn to know phenoni- 
g for explanations or inquiring after higher 
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causes. As soon as a fact is once known in all its relations, 
it ia therein explained, and tlie problem of science is at an 

Notwithstanding that some may proaounce this a trite 
assertion, and no matter liow many arguments others may 
bring to oppose it, it remains noae the less certain that this 
primary rule has been too often disregarded even np to the 
most modem times ; whUe all the apeculative operations of 
even the most highly ^ited minds which, instead of taking 
firm hold of facts as sneh, have striven to rise ahove them, 
have as yet borne but barren fruit. 

We shall not here discuss the modern naturalistic philoso- 
phy (MiHrpJtilosojihie) further than to say that its character 
is already sufficiently apparent from the ephemeral existence 
of its ofFspimg But e^en the greatest and most meritorious 
of the nalurabsts of antiquity, in order to explain, for exam- 
ple, the pioperties of the lever, took refuge in the assertion 
that a ciicle la auch a maivellons thing that no wonder if mo- 
tions, tailing place in a cucle, oftei also m theu turn most 
unusual phenomena. If Aristotle, instead of ttiainmg hia 
extraordinary powers in mtditatmns upon the fixed pcint and 
advaacing line, as he calls the circle, had investigated the 
numerical relations subsis^iUE, betweea the length of the arm 
of the lever and the pressure exerted, he nould hive Uid the 
foundation of ao impoitant part of human knowledge. 

Such miotakes, committed ai they were, in accordance 
with the spirit of those times, even by a man whose many 
positive seiMiLS constitute his everlasting memorial, may 
serve to pomt us m thp opposite road which leads us aurely 
to the goal But if, even bj the most correct method of in- 
vestigation, nothing can be attained without toil and industry, 
tJie cause is to be sought in that divine order of the world 
according to which man is ma.de to labour. But it is certain 
that already immeaaurably more means and more toil have 
been sacrificed to error than were needed for the discovery of 
the truth. 
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The rule ivhicii must bo followed, in order to lay tlie foun- 
dations of a knowledge of nature in the shortest conceivahle 
time, may be comprised in a few words. The natural phe- 
nomena with which we come into m.ost immediate contact, 
and which are of most frequent occurrence, must be subjected 
to a careful examination by means of the organs of sense, 
and this examination mnst be continued untU it results in 
quaufitative determinations which admit of being expressed 
by numhers. 

These numbers are ilia required faundatioiis of an eccaet 

Among an natiwal operations, the fi-ee fall of a ■weight is 
the most frequent, the simplest, and — witness Newton's apple 
— at the same time the most important. When this process 
is analysed in the way that has been mentioned, we imme- 
diately see that the weight strikes against the ground the 
harder the greater the height from which it has fallen ; and 
the problem now consists in the determination of the quanti- 
tative relations subsisting between the height from which the 
weight falls, the time occupied by it in its descent, and its 
final velocity, and in expressing these relations by definite 
miwhers. 

In caiTying out this experimental investigation, various 
difficulties have to be contended with ; but these must and 
can be overcome ; and then the truth is arrived at, that for 
every body a fail of sixteen feet, or a fame of descent of one 
second, corresponds to a final velocity of thirty-two feet per 
second. 

A second phenomenon of daily occurrence, which is in 
apparent contradiction to the laws of falling bodies,' is the 
ascent of liquids in tubes by suction. Here, again, the rule 
applies, not to allow the masim, velle rertmt cognoseere causae, 
to lead us into error through useless and thereibre harmful 
speculations concerning the qualities of the vacuum, and the 
like i on the contrary, we must again examine the phenome- 
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aon with attention and awakened senses ; and then we find, 
as soon as we put a tube to the montli to raise a liquid, that 
the operation is at first quite easy, but that afterwards it re- 
quires an amount of exertion which rapidly increases as the 
colunut of liquid becomes higher. Is there, perchance, an 
ascertainable limit to the action of suction? As soon as we 
once begin to experiment in this direction, it can no longer 
escape us that there is a barometric height, and that it attains 
to about thirty inches. This number is a second chief pUlar 
in the edifice of human knowledge. 

Question now follows question, and answer, answer. We 
have learned that the pressui-e exerted by a column of fluid is 
proportional to its height and to the specific graTitj- of the 
fluid ; we have thus detei-miued the specific gravity of the at- 
mosphere, and by this investigation we are led to carry up 
our measuring-instrument, the barometer, from the plain to 
the mountains, and to express numerically the effect produced 
by elevation above the searlevel upon the height of the mer- 
cury-column. Such experiments suggest the question, Whether 
the laws of falling bodies, with which we have become 
acquainted at the sur&ce of the earth, do not likewise un- 
dergo modification at greater distances from the ground. 
And if, as d priori we cannot but espeet, this should be reaUy 
the case, the further question arises, In what manner is the 
number already found modified by distance from the earth? 
We have thus come upon a problem the solution of which is 
attended with many difficulties ; for what has now to bo ac- 
complished, is to make observations and carry out measure- 
ments in places where no human foot can tread. History, 
however, teaches that the same man who put the question 
was also able to furnish the answer. Truly he could do so 
only through a rich treasure of astronomical knowledge. But 
how is this knowledge to be attained by as ? 

Astronomy is, without question, even in its first principles, 
the most ditficult of all aeienees. We have here to deal with 
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objects and spaces which forbid all thought of experimeatj 
while at the same time the motions of the innxiinerable heav- 
enly bodies are of so compKcated a kind, that astronomical 
science, in its stately unfolding, is rightly considered the high- 
est triumph whereof human intellect here below is able to 
boast. 

In accordance with the natural rule that, both in particu- 
lars and in general, man has to begin with that which is 
easiest and then to advance step by step to what is more diffi- 
cult, it might well be supposed that astronomy must have ar- 
rived at a flourishing state of development later than any 
other branch of human tnowledge. But it is well known that 
jn reality the direct opposite was the case, inasmuch as it was 
precisely in astronomy, and in no other branch, that the ear- 
liest peoples attained to really sound knowledge, It may, 
indeed, be asserted that the science of the heavenly bodies 
had in antiqiiity reached as high a degree of perfection as the 
complete want of all the auxiliary sciences rendered possible. 

This early occurrence of a vigorous development of as- 
tronomy, which, indeed, was a necessary forerunner of the 
other sciences, since it alone fumislied tlie necessary data for 
the measurement of time, is observable among Uie most va^ 
rious races of mankind : the reason of it, moreover, lies in 
the nature of things, and in the constitution of the human 
mind. It furnishes a remarkable proof that a right method 
is the most important condition for the successful prosecution 
of scientific inquiry. 

The explanation of this phenomenon lies in the fact that 
the need which was felt at a very early period, of a conmion 
standard for the computation of time, made it necessary to 
institute observations such that their j'esults required to be 
expressed by definite numbers^ There "tvas a felt necessity of 
determining the time in which the sun accomplishes his cir- 
cuit through the heavens, as well as the time in which the 
moon goes through her phases, and other similar q 
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In order to meet thia necessity, there was no temptation ti 
take up the Book of Nature, aSter the maimer of expositor 
and critics, merely to cover it witli glosses : 

" Mit eitler Eede ■wird hier niohts g 



It was numbers that were sought, and nvmhm-s that were 
found. The overpowering force of circumfltanc^s constrained 
the spirit of inquiry into the right path, and therein led it at 
once fl>3m success to success. 

Now that after long-continued, accurate, and fortunate 
observations the needful knowledge of the courses and dis- 
tances of the nearest heavenly bodies, as well as of the figure 
and size of the eai-th, has been acquired, we are in a position 
to treat the question. What is the numerical influence exerted 
by increased distance from the earth upon the known laws of 
falling bodies ? and we thus arrive at the pregnant discovery 
that,at a height equal to the earth's semidiameter, the dis- 
tance fallen through and the final velocity, for the fli'st second, 
is fotir times less than on the surface Of the earth. 

In order to pursue our inquiry, let us now return to the 
objects which immediately surround us. From the earliest 
times, the phenomena of combustion must have claimed in an 
especial degree the attention of mankind. In order to ea> 
^lain them, the ancients, in accordance with the method of 
their naturalistic philosophy, put forward a peculiar upward- 
striving element of Fire, which in conjunction with, and in 
opposition to. Air, Water, and Earth, constituted all that ex- 
isted. The necessary consequence of this theory, which they 
discussed with the most acute sagacity, was, that in regard to 
the phenomena in question and all that related to them, they 
remained in complete ignorance. 

Here, i^ain, it is quantitative determinations, it is num- 
bers alone, which put the Ariadne's clue in our hand. K wo 
want to know what goes on during the phenomena of com- 
bustion, we must weigh the substances before and after they 
14« 
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are burned ; and here the knowledge we have already ac- 
quired of the weight of gaseous hodies comes to our aid. 
We fheu find that, in every case of comhustion, substances 
which previously existed in a separate state enter into an inti- 
mate union wifh each other, and that the tctal weight of the 
substances remains the same both before and after the combi- 
nation. We thus come to know the different bodies in their 
separate and in their combined states, and learn how to trans- 
form them from one of these states into the other ; we leai-n, 
for instance, that water is composed of two kinds of air which 
combine with each other in the proportion of 1; 8. An en- 
trance into chemical science is thus opened to ns, and the nu- 
merical laws which regulate the eombinatioas of matter (die 
StSchiometris) hang like ripe fruit before us. 

As we proceed further in our investigations, we find that 
in aE chemical opeiati ns — combmations as well is decompo- 
sitions — chinges of tempeiature occur, which according to 
the varying iiicumstauces of diffeient casei ire of all de 
gree^ of mtensifj- hom the most violent he it downwaids 
We have measured quantititivelj the heat devtlopel, oi 
counted the number of heat units tnd have •^o conn- mto pos 
session of the law of the evolution of heat in chemical pro- 
cesses. 

We have long known, however, that in innumerable cases 
heat makes its appearance where no chemical action is going 
on ; for instance, whenever there is friction, when unelastic 
bodies strike one another, and when a6riform bodies are com- 

Whai th&i takes place when hef/i is evolved in such ways 
as these f 

We are taught by history that in this ease also the most 
sagacious hypotheses concerning the state and nature of a 
peculiar "matter" of heat, concerning a "thermal sether," 
whether at rest or in a state of vibration, concerning " ther- 
mal atoms," supposed to exercise their functions in the inter- 
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Btices between the material atoms, or other iiypotboses of like 
nature, Iiave not ayailed to solve the problem. It is, aotwitJi- 
standiiig, of no less ■wonderMly simple a nature than tlie laws 
of the lever, about which fie founder of the peripatetic phi 
loaophy cudgelled his brains in Tain. 

After what has gone before, the reader cannot be in any 
doubt about what is the course now to be pursued. "We must 
again make quantitative determinations ; we must measure 
and count. 

in this direction and measure the quantity 
. hj mechanical agency, as well as the 
amount of force used up in producing it, and compare these 
quantities with each other, we at once find that they stand to 
each other in the simplest conceivable relation — that is to say, 
in an invariable direct proportion, and that the proportion also 
holds when, inversely, mechanical force is again produced by 
the aid of heat, 

Tutting these facts into brief and plain language, we may 
say. 

Seat and motion are transformable one into the othm: 

We cannot and ought not, however, fo let this suffice us. 
We require to know how mueh mechanical force is needed for 
the production of a given amount of heat, and conversely. 
In ofker words, the law of the invariable quantitative relation 
between motion and heat must be expressed nwnerioaUy. 

When wo appeal hereupon to experiment, we find that 
raising the temperature of a given weight of water one degree 
of the Centigrade scale corresponds to the elevation of an 
eqnal weight to the height of about 1,200 [French] feet. 

Thk nwnber is the Mechahical Equivaleht off Heat. 

The production of heat by iriction and other mechanical 
operations is a fundamental fact of such constant occurrence, 
that the importance of its establishment on a scientific basis 
will be recognized by naturalists without any preliminary 
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cnumeratioTi of its usefiil applieationB ; and, for the same 
reason, a few historical remarks touching the circumstances 
attending fJie discovery of the foregoing fundamental law, 
will not lie out of place here. 

In the summer of 1840, on the occasion of hleeding Eu- 
ropeans newly arrived in Java, I made the ohservation that 
the blood di-awnfrom tlie vein of the arm possessed, almost 
without exception, a surprisingly bright red colour. 

This phenometton rivet«d my earnest attention. Starting 
from Lavoisier's theory, according to which animal heat is 
the result of a process of combustion, I regarded the twofold 
change of colour which the blood imdergoea in the capillaries 
as a sensible sign — as the visible indication — of an oxidation 
going on in the blood. In order that the human body may 
be kept at a tiniform temperature, the dsvelo^ent of heat 
within it miist bear a quantitative relation to the heat lufticA 
if loses — a relation, that is, to the temperature of the sur- 
rounding medium ; and hence both the production of heat 
and the process of oxidation, as well as the difference in col- 
our of the two hinds of blood, must be on the whole less in 
the torrid zones than in colder regions. 

In accordance with this theory, and having regard to the 
known physiological facts which bear upon the question, the 
blood nsust be i-egarded as a fermenting liquid undergoing 
slow combustion, whose most important function — that is, 
sustaining the process of combustion — is fulfilled without the 
constituents of the blood (with the exception, that is, of the 
products of decomposition) leaving the cavities of the blood- 
vessels or coming into such relation with the organs that an 
interchange of matter can take place. This may be thus 
stated in other words : by far the greater part of the assimi- 
lated food is burned in the cavities of the blood-vessels them- 
selves, for the porpose of producing a physical effect, and a 
comparatively small quantity only servos the less important 
end of ultimately entering the substance of the organs them- 
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selves, so as to occasion growth and the renewal of the woru- 
out solid parts. 

If hence it follows that a general balance must be struck 
in tlie organism hetween receipts and expenditure, or between 
work done and weai and tear, it is unmistakably one of the 
most important problems with wMch the physiologist has to 
deal, to make himself as thoroughly acquainted as it is possi- 
ble for him to be with the budget of the object of his exami- 
nation. The wear and tear consists in the amount of matter 
consume 1 the woik done is the evolution of heat. This 
lattei effect, however, is of two kinds, inasmuch as the ani- 
mal bodv evolves heat on the one hand directly in its own 
interior, and distributes it by communicalioa to the objects 
immediately suncundrag it; while, on the other hand, it 
posaeases thicu^h its organs of motion, the power of produc- 
ing heat mecliinic^lh by friction or in similar ways, even at 
distant pomfa We now require to know 

Whethei the heat dvrectly evolved is aiohe to he laid to the 
account of the process of combustion, or whether it is the SBM 
of the heat evolved ioth directly and indirectly that it is to he 
taken into calculation. 

This is a question that touches the very foundations of sci- 
ence ; and unless it receives a trustworthy answer, the healthy 
development of the doctrine concerned is not possible. For 
it has been already shown, by various examples, what are 
the consequences of neglecting primary quantitative determi- 
nations. No wit of man is able to furnish a substitute for 
what nature offers. 

The physiological theory of combustion starts from the 
fundamental proposition, that the quantity of heat which re- 
sults from the combustion of a given substance is invariable — 
that is, that its amount is miinfluenced by the cii-cumstances 
which accompany the combustion ; whence we infer, " in spe- 
cie," that the chemical effect of combustible matter can un- 
dergo no alteration in amount even by the vital process, or 
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that the living organism, with, all its ridtUes and marvels, can- 
not create lieat out of nothing. 

Eat if we hold firm to this phyaiological axiom, the an- 
swer to the question Btaited above ib already gi\ en Tor, 
unless we wish to atkibute again to the organism the pjwer 
of creating heat which has just been denied to it it ci3inot he 
assumed that the heat which it produces can ever amount to 
more than fie chemical action which takes place On tho 
comhustion-theory there is, tlien, no alternative, shoit of sa 
crificing the theory itself, but to admit that the total amount 
of heat evolved by the organism, pai-tlv duectly, and paitly 
indirectly by mechanical action, corresponlb quint it itively, 
or is equal to the amount of combustion 

Hence it follows, no less inevitably, that the heat produced 
me(^amcaU'y by the orgawism nmst hear an invaiiable ^tiantita- 
tiiie relation to the work expended %n producing rf 

For if, according to the varying construction of the me- 
chanical arrangements which serve foi the development of 
the heat, the same amount of work, and hence the same 
amount of organic combustion, could pioduce vaiytnj quanti- 
ties of heat, the quantity of heat produced from one and the 
same espenditure of material ivould come out smiUei at one 
time and larger at another, which is contiary to our assump 
tion. Further, inasmuch as there is no difieience m kind be- 
tween the mechanical performances of the animal body and 
those of other inorganic sources of work, it follows that 

AS ISVABIABLB QtrAimiATIVI] RELATION BETWEEN HEAT 
AND WORK IS A POSTOIATE OF THE PHYSIOLOGICAL THEORY 

OF coMiirsriOB:. 

While following in general the direction indicated, it was 
accordingly needful for me in the end to fix my attention 
chiefly on the physical connection subsisting between motion 
and heat ; and it was thus impossible for the existence of the 
mechanical equivalent of heat to remain hidden from me. 
But, although I have to thank an accident for this discovery, 
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it is none the leas my own, and I do not hesitate to assert my 
right of priority. 

In order to ensure what had been thus discovered against 
caaualtieB, I put together the most important points in a short 
paper which I seat in the spring of 1842 to Liebig, with a 
request that he would insert it in the Aimalen der Ghemte und 
JPharmade, in the forty-second volume of ■which, page 233, it 
may be fonnd under the title " Eemerkungen tiber die Kr^fte 
der unbelebten Natiir," 

It was a fortunate circumsfaaee for me that the reception 
given to my unpretending work by this man, gifted ivith so 
deep an insight, at once secured for it an entrance into one of 
the first scientific organs, and I seize this opportunity of pub- 
licly testifying to tie great naturalist my gratitude and my 

Liebig himself, however, had about the same time ah'eady 
pointed out, in more general but still unmistakable terms, the 
connection subsisting between heat and work. In particular, 
he asserts that the heat produced mechanically by a steam- 
engine is to be attributed solely to the effect of combustion, ■ 
which can never receive any increase thi-ough the fact of its 
producing mechanical effects, and, tlirough these, again devel- 
oping heat. 

From these, and from similar expressions of oflier scien- 
tific men, we may infer that science has recently entered upon 
a direction in ivhich the existence of the mechanical equiva- 
lent of heat could not in any case have remained longer nn- 
perceived. 

In the paper to which refei-ence has been made, the nat- 
ural law with which we are now concerned is referred back 
to a few fi]ndan[tental conceptions of the human mind. ITie 
proposition that a magnitude, which does not spring from 
nothing, cannot be annihilated, is so simple and deaf that no 
valid argument can be urged against its truth, any more than 
against an axiom of geometry ; and until the contrary is 



...Coogic 



328 THE MECHAHICAL EQITIVALENT OF IlEAT. 

proved by some fact established beyond a doubt, we may ac- 
cept it as true. 

Now we are taught by experience, that neither motion nor 
heat ever takes its rise except at the espenae of soma meas- 
urable object, and that in innumerable cases motion disap- 
pears without any thmg except heat makmg its appeal ance 
The axiom that we have established leads, then now to the 
conclusion that the motion that disappears become'* heat or, 
in other words, that both objects beai to each other in mva^ 
riable quantitative i elation The pi oof of this conclusion by 
the method of expeiiiaent, the establishment of it m all its 
details, the tracing of a complete harmony subsisting between 
the laws of thought and the objectn e world, la the most mter- 
esting, but at tlie same time tlie mofct compiehensive problem 
that it is possible to find. What I, with feeble powers and 
without any external support or encouragement, have effected 
in this direction is truly little eaongb ; but — idira posse wmo 
ohligatvs. 

In Urn paper referred to (the first of Mayer's in the pres- 
ent volume) I have thus expressed myself with regard to the 
genetic connection of heat and moving force : 

" If it be now considered as established that in many 
cases (esxceptio confiimat regulani) no other effect of motion 
can be traced except heat, and that no other cause than motion 
can be found for the heat that is produced, we prefer the as- 
sumption that heat proceeds from motion, to the assumption 
of a cause without effect and of an effect without a cause — ■ 
just as the chemist, instead of allowing osygen and hydrogen 
to disappear without further investigation, and water to bo 
produced in some inexplicable manner, establishes a connec- 
tion between oxygen and hydrogen on the one hand and water 
on the other," 

From this point there is but owe step to be made to the 
goal. At page 257 it is said ; " The solution of the equa- 
tions subsisting between falling-force [that is, the raising of 
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weight] and motion requires that the space fallen through in 
a given time, e. g. the first secoad, should be experimentally 
determined ; in like manner, the solution of the equations 
subsisting between faUing-force and motion on the one liand 
and heat on the other, requires an answer to the question, How 
great is the quantity of heat which corresponds to a gives 
quantity of motion or falling-force ? For instance, we must 
ascertain how high a given weight requires to he raised above 
the groxmd in order that its falling-force may he equivalent to 
the raising of the temperature of an equal weight of water 
&om 0° to 1° C. The attempt to show that such an equation 
is the expression of a physical truth may be regarded as the 
substance of the foregoing remarks. 

" By applying the principles that have been set forth to 
the relations subsisting between the temperature and the vol- 
ume of gases, we find that the sinking of a mercury column 
by which a gas is compressed is equivalent to the quantity of 
heat set fire by the compression ; and hence it follows, the 
ratio between the capacity for heat of air under constant press- 
ure and its capacity under constant volume being taken as 
^1-421, that the waimiag of a given weight of water from 
0° to 1° C. corresponds to the fall of an equal weight from 
the height of about 365 metres." 

It is plain that the expression " equivalent" is here used 
in quite a difierent sense from what it bears in chemistry. 
The difference will be shown most distinctly by an example. 
When the same weight of potash is neutralized, first, with 
sulphuric aoid, then with nitric acid, the numbers which ex- 
press the ratio which the absolute weights of these three sub- 
stances hear to one another are called their equivalents ; but 
there is no thought here either of the quantitative equality or 
of the transformation of the bodies in question. 

This peculiar signification which the word " equivalent" 
has acquired in chemistry, is doubtless connected with the 
fact that the chemist has been able to determine the object of 
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his inyestigation by a common qimntitafive staadaicl, their ah- 
soiute weights. Let us suppose, however, that we could de- 
termins one body, for instance water, only by weight, and 
anoiher, wafer-forming or explosive gas, only by volume, and 
that we had agreed to choose one pound as the unit of weight, 
and one cubic foot as the unit of volume ; we should then have 
to ascertain how many cubic feet of explosive gas could be ob- 
tained fi-om one pound of water, and conversely. This num- 
ber, without which neither the formation uor the decomposi- 
tion of water could be made the subject of calculation, might 
then be suitably called " the explosive-gas equivalent of wa- 
in this latter sense a raised weight might, in accordance 
with the known laws of mechanics, be called the " equiva- 
lent " of the motion resulting from its fall. Now, in order to 
compare these two objects, the raised and the moving weight, 
which admit of no common measure, we require that con- 
stant number which is generally denoted by g. This number, 
however, aad the mechanical equivalent of heat, whereby the 
relation subsisting between heat and motion is defined, belong 
both of tliem to one and the same category of ideas. 

In the paper that I have mentioned it is further shown 
how we may arrive at such a conception of force as admits 
of being consistently followed to its consequences and is sci- 
entifically tenable ; and the importance of this subject induces 
me to return to it again here. 

The word " force" (Kraft) is used in tJie higher or scien- 
tific mechanics in two distinct senses. 

I. On the one hand, it denotes eveiy push or pull, every 
effort of an. inert body to change its state of rest or of mo- 
tion ; and this effort, when it is considered alone and apart 
from the result produced, is called "puslung force," " pulling 
force," or shortly " force," and also, in order to distinguish 
between this and the foiloiving conception, " dead force" (vii 
mortua). 
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II. On t]ie other hand, the product of the pressure into 
the space through which it acts, or, again, the product — or 
half-products— of the mass into the square of the velocity, is 
named " force." In order that motion may aetuaUy occur, it 
is in fact necessary that the mass, whatever it may he, should 
vinder the influence of a pressure, and, in the direction of that 
pressure, traverse a certain space, "the effective space" 
( Wirliungsra'mn) : and in this case a magnitude which is pro- 
portional to the " pnsiiing force " an^tothe effective space, 
likewise receives the name "force;" but to distinguish it 
from the mere pushing force, by which alone motion is never 
actually brought about, it is also called the " vis viva of mo- 
tion," or " moving force." 

With the generie conception of " force," the higher me- 
chanics, as an essentially analytic science, is aot concerned. 
In order to arrive at it, we must, according to the general 
rule, collect together the characters possessed in common by 
the several species. As is well known, the definition so ob- 
tained runs thtis — " Force is every thing which brings about 
or tends to bring about, alters or tends to alter motion," 

This definition, however, it is easy to see, is tautological ; 
for the l^t foui-f«en words of it might be omitted, and the 
sense would he still the same. 

This erroneous solution is occasioned by the nature of the 
problem, which requires an impossibility. Mere pressure 
(dead force) and the product of the pressure into the effective 
space (living force) are magnitudes too thoroughly unlike to 
be by possibility combined into a generic conception. Press- 
ure or attraction is, in the theoiy of motion, what atfinity is 
in chemistiy — an abstract conception : living force, like mat- 
ter, is concrete; and these two kinds of force, however closely 
connected in the region of the association of ideas, are in 
reality so widely separated that a frame which shoidd take 
Ihem both in must be able to include the whole world. 

There are several conceivable ways of escaping from the 
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diffieully. For mstanco, just as we speak of absohito weigtt, 
specific ■weight, and combining weight, without its ever enter- 
ing any one's head to want to construct a generic idea out of 
these distinct notions, so two or more meanings may be at- 
tached to the word force. This is what is actually done in 
the higher mechanics, and hence in this hranch of science we 
meet with no mention of a generic conception of " force." 

There has been no lack of recommendations to carry, in 
like manner, the notions of'" dead" and " living force " as 
distinct and separate through the other departments of sci- 
ence ; it has, however, been found impossible to put in prac- 
tice such recommendations ; for the use of ambiguous ex- 
pressions, which can in no case contribute any thing to clear- 
ness, is altogether inadmissible if confusion can possibly arise. 
It is true that the mathematician is in no danger of confound- 
1 his calculations a product with one of its factors ; but 
in other departments of knowledge a systeniatic confusion of 
ideas exists on this point ; and if any thing is to be done 
toward clearing it up, the source of the error must be stopped ; 
for if we once recognize two meanings of the word '' force," 
it would be the labour of Sisyphus to try to distinguish be- 
tween them in each separate case. In order, then, to arrive 
at any result, we must make up our minds to do without any 
common denomination of the magnitudes mentioned above, 
as I. and II., and either to give up the use of the word 
" force " altogether, or to employ it for one only of tliese two 
categories. 

The notion of force was consistently employed in the lat- 
ter sense by Newton. In solving his problems, lie decom- 
poses the product of the attraction into the effective space 
into its two factors, and calls the former by the name "force." 

As an objection to this mode of proceeding, it must, how- 
ever, be remarked that in many cases it is not possible thus 
to decompose the product in question, let us take, for in- 
stance, the following very simple case : a mass M, origioally 
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at rest, is caused to moye vnik the (uniibrm final) velodty c; 
from the knowledge of the magnitudes M and c it is certainly 
possihle to deduce the value of the product of the force (in 
Newton's sense) into its effective apace, hut we are aot therehy 
euahled to conclude as to the magnitude of this force itself. 

As a matter of fact, the necessity soon made itself felt of 
treating and naming this product as a whole. It ulso has 
been called " force," and the expressions " vis viva of motion," 
" moving force," "working force," "horse-power" (orforce), 
" muscular force," &c., have been long naturalized in science. 

However happy we may, in many respects, think the ' 
choice of this word, there is still the objection that a new 
meaning has been fised upon an already existing technical 
expression, without the old one having been called in from 
circulation at the same time. This formal error has become 
a Pandora's box, whence has sprung a Babylonian confusion 
of tongues. 

Under existing circumstances no choice is leil us but to 
withdraw the term " force" either from Newion's dead force 
or from Leibnitz's living force ; but in either case we come 
into conflict with prevailing usage. But if once we have 
made up our nainds to introduce into our science a logically 
accm-ate use of terms, even at the cost of existing espressions 
which have become easy and pleasant to us by long usage, we 
cannot long hesitate in the choice we have to make between 
the conceptions I. and 11. 

Let us consider the elementary case of a mass, originally 
at rest, which receives motion : this happens, as has been al- 
ready said, by the mass being subjected to a certain push or 
puU imder the influence of which it traverses a certain space, 
the effective space. Now, however, both the velocity and 
also the intensity of the push (Newton's force) always vary 
at every point of the effective space ; and in order to mul- 
tiply these variable magnitudes into effective space, that is, 
to deduce the quantity of motion from the intensity of the 
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pushing force, wc must call in the aiil of the highor mathe- 
matics. 

But lieaoe it follows that, except in statics, where the ef- 
fectiTo space is Eought and the pressure constant, the New- 
tonian conception of force is available only in the higher 
branches of mechanics ; and it ia plainly aot advisable so to 
choose our conception of " force " that it cannot be consist 
ently employed in that branch (namely, the elementaiy parts 
of the theory of motion) which of all others is chiefly con- 
cerned with fiindamental notions. 

It is, however, a totally mistaken method to try to adapt 
the idea of a force, such as gravity, conceived in Newton's 
Benee, to the elementary parts of science, by leaving out of 
consideration one of its most important properties, namely its 
dependence on distance, and to make a " force" out of Gali- 
leo's gravity thus inexactly and in some relations most incor- 
rectly conceived. Some such ideal force (No. III.) seems 
to hover before the minds of most writers on natural science 
as the original type of a "force of nature." 

Such quantitative determinations as hold good only ap- 
proximately and under certain conditions ought never to be 
employed to estabhsh defimtions, la a calculation, it is true, 
we may correctly enough take an arc, which is sufficiently 
smaU in comparison with the radius, as equal in size to the 
sine or to the tangent ; but if we attempted to use such a rela- 
tion in settling first principles, we should lay a foundation for 
fallacies and errors. 

The Newtonian idea of force, however, transplanted in 
the manner that is commonly done into the region of element- 
ary science, is no whit better than the notion of a straight 
curve. Newton's force, or attraction, in ^eaie gravity, g, is 
equal to the differential quotient of the velocity by the time ; 

that is, 9=-y/ This expression is quite esajit, but in order to 

understand and apply it a knowledge of the lijgher inaihemat- 



...Coogic 



HE1¥TON's CONOEPnON OF POKCE. 333 

icB is required. On the olter hand, it is quite true that, so 
long as we have to do only with cases in -which the apace 
feUen throngh is so small in comparison with the earth's semi- 
diameter that it may be disregarded, the equation just given 

may he abbreviated into the very coavenient form 1;'=": with- 
out any considerable error ; but this expression can never be 
mathematically exact so long as tlie space fallen through has 
any calculable magnitude. But on the strength of an equa- 
tion thus radically iaaecurate, there are planted in the recep- 
tive mind of youth such false notions as — that gravity is a 
uniformly accelerating ( ?) force, a moving ( ?) force whose ac- 
tion is proportional to the time ( ?) ; that force is directly pro- 
portional ( ?) lo the velocity produced ; and many other like 

It would (.erfainiy be 1 gieat merit if lathois oi treatises 
on physus would help to remedy this staf« of thmgs and in 
frammg their defimtiin woull itirt ouIy tiom thoioughly 
exact det«imin^tioiis of n»agmtules for elementary ph>siC9 
IB its present foi-m mst«ad of being % well giounded "cience 
18 only a «ort of hilf knowledge such thit on ptssmo to the 
highei ^nl stnctlj scientitic departments the student must 
try to firget its pimciples and theoiem ■is quickly <4S he con 

It we hive once convmi'ed our-ielves by unprejudice 1 
examimticn that tlie letenfion uilei that name of the on 
ception of force distinguished abo^e by I has nothing but its 
origin to recommend it but much to condemn it the lest fol 
lows xlm st spoa ineouely It accords with the laws of 
thought as well as with the tommon usage of language, to 
connect every production ot motion Tsith in exji •'nditu e of 
foice Hence force js — 

Aomethtng nJtteJi is ex^er ded vn, prod c i/ t loU n ind 
this something which is expended is to be lookel upon as a 
K lu^e equi\ ilent to the efTcct namely t thi, moti n pi 
duced 
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Thia definitioa not only corresponds perfectly ■with facts, 
but it accords as far as possible with that which already ex- 
ists ; for, as I shall sliow, it contains by implication the con- 
ception of force as met with in fJie higher mechanics, and re- 
ferred to above by II. 

If a mass M, originally at rest, while traversing the effect- 
ive space s, under tlie influence aad in the direction of the 
pressure f, acquires the velocity c, we have j3s^:=Mc°. Since, 
however, every production of motion implies the esistenee of 
a pressure (or of a pull) and an effective space, and also the 
exhaustion of one at lesist of these factors, the effective spa«e, 
it follows that motion can never come into existeace except 
at the cost of this product, j)s=Mc'. And this it is which 
for shortness I call " force." 

The connection between expenditure and performance (in 
other words, the exhaustion of force in producing its effect) 
presents itself in the simplest form in the phenonaena of grav- 
itation. The necessary condition of every falling motion is 
that the centre of gravity of the two masses concerned in it 
(that iS) of the earth and of the felling weight) should ap- 
proach each other. But in the case of the falling together of 
the two masses, the approach of their centres of gravity 
reaches its natm-al limit, and hence the production of a fall- 
ing movement is thus bound up with an expenditure, namely, 
with the exhaustion of the given felling-space, and thereby 
also of the product of that space into the attraction. The 
falling down of a weight upon the earth is a process of me- 
chanical combination ; and just as in combustion the capacity 
of performance (that is, the condition of the development of 
heat) ceases when the act of combination comes to an end, so 
also the production of motion ceases when the weight has 
fallen to its lowest position. The weight, when lying on the 
solid ground, is, like the carbonic acid formed in combustion, 
nothing but a copMf inoriwum. The affinity, whether mechan- 
ical or chemical, is still there aiter the union just as much as 
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before, and opposes a certain resistance to tlie reduction of 
the compound ; hvi its power of performance {^Leistwags- 
fdliigJceU) ia at an end as soon as there is no further available 



Whenever tiie attraction becomes indefinitely small, or 
ceases altogether, space is no longer effective space ; and thus 
it follows, from the diminution which gravity nudergoes with 
distance, that falling-space ia limited in the centrifugal direc- 
tion also, and hence that the cause of motion or "force" is, 
under all circumstances, a finite magnitude which becomes 
exhausted in producing its'efiect. 

This fundamental physical truth vnll be most easily per- 
ceived when applied to a special case and reduced to figures. 
When a pound weight is lifted one foot from the ground, the 
available force is, as eveiy one knows, =ojie foot-pound. If 
the falling-height of this weight amounts to n feet, n not be- 
ing a large number, the force may be taken as approximately 
=n foot-pounds. But supposing w, or the original distance 
of the weight from the earth, to be very considerable, or in- 
deed infinite, tlie force (that is, the number of foot-pounds) 
does not by any means thereby become infinite, but, according 
to Newton's law of gravitation, it becomes at moat =r foot- 
pounds, where r is the number of feet contained in the earth's 
aemidiameler. Thus how great soever the distance through 
which a weight falls against the earth, or the time occupied 
by its fall may be, it can acquire no higher final velocity than 
34,450 Paris feet per second. On the other hand, were the 
mass of the earth four times aa great as it is, its buli remain- 
ing the same, the force would likewise become four times as 
great, and the maximum velocity would be 68,900 feet. 

It is one of the essentials of a good terminology that it 

should put fundamental facts of this bind In a clear light ; 

exactly the opposite, however, is done by the nomenclature at 

present in use. A few espressions, employed by a very meri- 

15 
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torious naturalist in com] at in;; my licw? laij soi've to sup- 
port this assertion, 

" Although," he says, ' it is quite tiue that in nature no 
motion can be annihilated, oi that, as it is commonly ex- 
presad, the quantity of motion once m existence continues 
unceasingly and without any lessening, and although in this 
sense the characf«r of mdeetructibilitv belongs to every prox- 
imate cause even, every piiman cau^e, that is, every true 
physical force, possesses the additional characteristic of being 
inexhaustible. These characteristics wiU best admit of being 
unfolded by the closei tonanleration of gravity, the most 
active and ■widely diffused of the natural foices (primary 
causes), which, as it n ere the soul of the world, indestructi- 
bly and inexhaustibly upholds the life of those great masses 
on whose motions depends the oider of the universe, while 
requiring no food from without to ciU fotth it% ever renewed 
activity." 

If these words are intended to contain a material contra- 
diction of the views I have put forward, they must be meant 
to imply that, by virtue of its being inexhaustible, the attracts 
ive power of the earth must be capable of impaiting to a fall- 
ing weight, under certain conceivable circumstances, an infin- 
ite velocity. But our author himself in several places lets us 
see that he has a (quit* well-founded) mistrust of any so de- 
cided a conclusion : this is shown in the following, among 
other passages : " If we follow up the chain of causes and 
effects to its first beginnings, we come at length to the true 
forces of nature, to those primary causes whose activity does 
not require that they should be preceded by any others, which 
ask for no nourishment, but which can ever call forth new 
motions, as it were, out of an inexhaustible soil, and can 
uphold and quicken those that are already m being," 

Again : " If the moon every moment falls, at least vir- 
tually, a certain distance toward the oaith, what is the force 
which the next moment pulls it away again, as it were, in 
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order to give rise to a new falling force? It is precisely its 
indestnictlbiUty and iueihaustibility, Its power at all times 
and iindep all clreumstances to bring about witiiout ceasing^, 
at least virtually, the same effects, that is the essence of every 
true force or primary cause." 

This " as it were " and " at least virtually," which always 
slips in at the critical moment, affords room for the suspicion 
that our author is himself not quite confident of the power 
of his"tnie natural causes " to give rise to an inexhausfiWe. 
amount of motion (of actual exertion of force) ; and the in- 
definiteness of these expressions is quite characteristic of the 
Protean part which the force of gravity plays in writings on 
natural science. The most arbitrary explanations are given 
of this word, and then, when facts no longer admit of any 
thing else, a retreat is sought in the Kewtonian conception. 

Gravity being called a force, and at the same time the 
term force being connected, in accordance with the commoa 
use of language, with the conception of an object capable of 
producing motion, leads to the false assumption that a me- 
chanical effect (the production of motion) can he produced 
without a corresponding expenditure of a measiu'able object 
and here is likewise plainly the reason why our author could 
neither keep clear in his facts nor consistent 
If once the production of motion out of nothing is granted, 
the annihilation of motion muft also he admitted 
quence ; and the magnitude of motion must, in accordance 
■with this assumption, be simply proportional to the velocity, 
or =:Ma, and the " quantity of motion once in existence 
must be =:+Mc — Jfc=0. But notwithstanding his " inea 
haustible forces," the writer leferred to expressly declare 
that motion is indestructihle : oat, instead of stating his opin- 
ion as to what becomes of motion which disappears by fric- 
tion, he pays in another place again that it remains " unde- 
cided" whether the effect of a force (the amount of motion 
produced by it) is . measured by the first or by the second 
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.power of tie velocity (that is, whether it is or is not de- 
structible) : he even appears, from repeated expressions, to 
hold it possible that a given quantity of heat can produce mo- 
tion ad injimtmn ! If each were the case, it would certainly 
be useleas to consider the convertibility of these magai- 
tndes : the ground would rather have be«n won for the contact 
theory. 

The polemics of my respected critic, whom I haye here 
introduced as tlie representative and spokesman of prevailmg 
views, and to whom I feel that wy sincere thanks are due for 
his attentive examination of my fir?t pablication, appear to 
me fo be necessarily without result, inasmuch as the first 
pioblem m combating my assertions, winch all revolve about 
the owe point of an invariable quantitative relation between 
heat and motion, must be to flnil out that thij relation is vflr 
nable, and in what cases. Formal controversy 'without a 
mafeiwl basis is only heating the air ; and as to what relates 
specially to the questions about force, the first point to con- 
sider i-s, not what sort of thing a "force" is, but fo what 
thing we shall give the name " force." Backwards and for- 
wards talk about gravity is firuitless, since all who understand 
the matter ai-e agreed aato its nature ; for gravity is and re- 
mains a differential quotient of the velocity by the time, di- 
rectly proportional to the attracting mass, and inversely pro- 
portional to the square of the distance ; on this point a final 
decision was come to long ago But whether it is expedient 
to call this magnitude a force is quite another question. 

Since, whenever an innovation of essential importance is 
proposed, the public is so ready to misappiehend, I will here 
state once more, as clearly as I can, my reasons for saying 
tliat " (he force of ^avity" is an impioper expression. 

It is an unassailable truth that the production of every 
falling motion is connected with a corresponding expenditure 
i magnitude. This magnitude, if it is to be 
:t of scientific investigation (and why should it 
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not ?) , must have a aame givca to it ; aod in accordance with 
tte logical instinct of man, as manifested in the genius of lan- 
guage, no other name caa he here chosen than the word 
" force." But since this expression is already used in a quite 
different sense, we might be tempted to create for the concep- 
tion whieli is as yet — in the fundamental parts of science at 
least — ^unnamed an entirely new name. But before betaking 
ourselves to this extreme course, which for reasons that are 
not far to seek would be the one whereby we should he 
brought most into conflict with existing usage, it ia reasonable 
to inquire whether the word " force," which in itself answei-s 
so well to the requirements of the case, is in its right place 
where it was first pnt by the schools. 

According to the common custom of speech, we under- 
stand by " force " something moving — a cause o£ motion ; and 
if, on the one hand, the expression "moving force" is for 
Ibis reason, strictly speating, a pleon'^sm the n tion of a not 
moving or " dead" force is, on the other haul a, co t al to 
in adj'edo. If it be said, for inst'ince that a loxd vihieh 
presses with its weight on the groun 1 exei ts thei el y a foi ce — 
a force which, thongh never so gieat is nalle of itself to 
bring about the smallest movement — tl e mode of concej tion 
and of expression is quite jusiiSed by scholast c usage but it 
is so far-fetched that it becomes the source of unnunbeiel 



Between gravity and the force of grav ty there s so far 
as I know, no difference ; and hence I cone der the second 
expression unscientific, inasmuch aa t la tailoloeioal 

Let it not be objected that the force of press e the 
" force " of gravity, cohesive " force &c are the 1 gher 
causes of pressm-e, gravity, and the 1 ke TI e exact scien OS 
are concerned with phenomena and meas t I le quant ties 
The first cause of things is Deity — a Be n^ eve inscrutabl 
by the intellect of man ; while " h o-l e cause i j er en 

Buous forces," and the rest, with ill u n q n 1 c 
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long to the delusive middle region of naturalistic pliilosopliy 
aad mysticism. 

By a law that is universally true, waste and want go hand 
in hand. If to the case before us, where this rule likewise 
meets with confirmation, we apply an equalizing process, and 
take away the word " force " from the connection in which it 
is siiperfiuous and hurtful, and bring it to where we ai-e in 
want of it, we get rid at one time of two important oLstacles. 
The higher mathematics at once cease to be required in order 
to gain admittance into the theory of motion : nature presents 
herself in simple beauty before the astonished eye, and even 
the less gifted may now behold many things which hitherto 
were concealed from the most learned philosophers. 

Force and matter are indestructible objects. This law, to 
which individual facts may most simply be referred, and 
which therefore I might figuratively call the heliocentric stand- 
point, constitutes a natural basis for physics, chemistry, phys- 
iology, and philosophy. 

Among tlie facts which, though known, have been hith- 
erto only empirically established and have remained isolated, 
but which can be easily referred to this natural law, is the one 
that elecfi'ic and magnetic attraction cannot be isolated any 
more than gravity, or that the strength of this attraction 
undergoes no alteration, so long as the dista,nce remains the 
same, by the intervening of indifferent substances (non-con- 
ductors). 

Among facts which have remained unknown up to the 
most recent times, I will refer only to the influence which the 
ebb and flow of the tide exerts, in accordance with the known 
laws of mechanics, on the motion of the earth about its axis. 
A feet of such importance, standing, as it does, in close rela- 
tion with the fundamental law just st«,ted, having been able 
lo escape the attention of naturalists, is of itself a proof that 
the prevailing system has no exd-asive title. 

For the rest, it will not have escaped those who are ac- 
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quainted with the modem literature of science that a modifi- 
cation of scientific language in the sense of my views is act- 
ually beginning to take place. But in matters of this kind 
the chief part of the ■work must tie left to time. 

According to what has been said thus far, the vis viva of 
motion must be called a, force. But since the expression vis 
viva denotes in ateehamcs, not only a magnitude which is 
proportional to the mass and to the square of its velocity, but 
also one which is proportional to the mass and to the height 
from which it Ims fallen, force thus conceived naturally di- 
vides itaelf into two very easily distinguished species, each of 
which requires a distinct technical name, for whicli the words 
moUon (^Bewegwng) and faUing'force (FcUlhraft') seem to me 
the most appropriate.* 

Hence, according to tliis definition, " motion " is always 
measured by the product of the moved mass into the square 
of the velocity, never hj the product of the mass into the 
velocity. 

By " falling-force " we understand a raised weight, or still 
more generally, a distance in space between two ponderable 

[« The i^atinolion here drawn between "motion" and "Mling-foraa" 
is the BHme as that made bj Helmholtz (Die Ml-Miiaiff d«r Kraft, 1847) 
between "jres wa " (?e5em%e &«/!) and "tension" {^mnkrafC). The Eng- 
lish espres^ons "dynamical energy." and "stataeal energy" were nsed by 
Pro£ W. Thomson (Pha Mag. B. toL iv. p. 304, 1852) in the same sense, 
but were alterwards abandoned by him in ft,Tonr of the terms " achial en- 
ei^" and "potential energy " introduced byPcoE Eankine. More re- 
cently ("Good Words" for October, 1862) Professors Thomson and Tait 
hare employed tlie expression "kinetic enei^" in place of "actual ener- 
gy." The German word Krafl m the teit has been aniformly translated 
force, to whichterm the ambiguity of the Cterman orij^nal has thus been 
tranaferred. This ambiguity, however, may be avoided in English by al- 
lowing the word " force " to retain the meaning which it bears in common 
language, that is, to denote aU r«dstances which it requires the exertion of 
a posier to overcome (whence the espressions gravitating force, coheava 
force, &o,), and by using the word " energy " to denote force as defined by 
Mayer.— G. C. F.] 
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bodies. Ih many cases falling-force is measured with, suffi 
eient accuracy by the product of tbe raised weigbt into ita 
height ; and the expressions " foot-pound," " kilogramme- 
metre," " horse-power," and many others, are conyentional 
nnita for the measnrement of this force, which have of late 
come into general use, especially in practical mechanics. But 
in order to find the exact quantitative expression for the mag" 
nitude in question, we must consider (at least) two masses 
existing at a determinate distance from each other, which ac- 
quire motion by mutually approaching ; and we must investi- 
gate the relation which exists between the conditions of iiie 
motion, namely, tii& magnitude of the masses and their orig- 
inal and final distance, and the amount of motion produced. 

It very remarkably happens that this relation is the sim- 
plest conceivable ; fbr, according to Newton's law of gravita- 
tion, the quantity of motion produced is directly proportional 
to the masses and to the space through which they fall, but 
inversely proportional to the distances of the centres of grav- 
ity of the masses before and after the movement. That is, 
if A and B are the two masses, c and o' ihe velocities which 
they respectively acquire, and h and h' their original and final 
distances apart, we have 



Ac°+Bi 



„_A.B(k—ir)_ 



or in words, the falling-fone is eqiial to the p-oduct of the 
masses into the space fallen through divided ly the two distances. 
By help of this theorem, which, as will be easily seen, is 
nothing but a more general and convenient espression of 
Newton's law of gravitation,* the laws of the fall of bodies 

* Newton's formula relates to the pai'ticular cksb in which the two (lis- 
taneea (the initial and the final distance) are equal, so tMt their product 
becomes a square. In this c^e, however, botli the apace fallen through 
md the Telodtj become nought; aud hence, when this expression has to 
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from cosmical elevations, and also tlie general laws of eeatral 
motions, can be developed without its being needful to employ 
equations of more than the second degree. 

Having now liecome acquainted with, two species of force- 
motion aad falling-force — we can an-ive a,t a conception of " a 
force" in general, according to the well-known rule, by col- 
lectiag together the common characteristics of tlie two spe- 
cies. To this end, we must consider the propei'ties of these 
objects somewhat more closely. Their most important prop- 
erty depends on their mutual relation. "Whenever a given 
quantity of falling force disappears, motion is produced ; and 
by the expenditnre of this latter, the falling-force can be re- 
produced m its original amount. 

This constant proportion which exists between falling- 
force and motion, and is known in the higher mechanics un- 
der the name of " the principle of the conservation of vis 
viva," may be shoitly and fitly denoted by the term " trans- 
formation" {Umwandlung). For instance, we may say that 
a planet, in passing from its aphelion to its perihelion, trans- 
forms a part of its falling-force into motion, and, as it moves 
away from the sun again, changes a part of its motion into 
falling-force. In using the word " transform " in this sense, 
nothing else can or is intended to be expressed but a constant 
numerical ratio. 

But it follows from the axiom mentioned at page 826, that 
the production of a definite quantity of motion from a given 
quantity of falling-force, and vice versS, implies that neither 
falling-force nor motion can be annihilated either totally or in 
part. We t3ius obtain the following definition ; 

Ifm'ces are transformable, indedraclible, and (in contradis- 

be taken as the etarting-poiut for the calculation of teal vdodUes, laatlie- 
maacal artifices become necessary wiach are iaailniiBBible in tha elemeutiij 
branches of science. 
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tmction fiwrn matter) imponderable objects. (Conf. paper al- 
ready quoted, pp. 328, 329.) 

It is easy to see that this definition embraces, among other 
things, the fact that the motion ■which disappears in mechani- 
cal processes of different kinds bears a constant relation to 
the beat thereby produced, or that motion is convertible, as 
an indestructible magnitude, into heat. Thus heat is, like mo- 
tion, a force ; and motion, like heat, an imponderable. 

I have characterized the relation ■which various forces 
bear to one another by saying (Phil. Mag. S. 4, vol. xxiv. p. 
352) that they are " different forms imder which one and the 
same object makes its appearance." At the same time I 
have expressly guarded myself from making the certainly 
plausible, but unproved, and, as it seems to me, hazardous de- 
duction that thermal phenomena are to be regarded as merely 
phenomena of motion. The follo'wing is ■what I said upon 
this point (loc. oit.) p. 376 ; 

" But just as little as the conneotion bet-vveen falling-force 
and motion authorizes the conclusion that the essence of fall- 
ing-force is motion, can snch a conclusion be adopted in the 
case of heat. We are, on the contrary, rather inclined to 
infer that before it can become heat, motion — whether simple, 
or -ribratory as in the case of light and radiant heat, &c. — 
must cease to exist as motion." 

The relation which, as we have seen, subsists between 
heat and motion has regard to quantity, not to quality ; for 
(to borrow tlie words of Euclid) things which are equal to 
one another are not therefore simUar. Let us beware of leav- 
ingthe solid ground of the objective, if we would not entan- 
gle ourselves in difficulties of our own making. 

In the meaa time it at least results from the foregoing 
considerations that the phenomena of lieat, electricity, and 
magnetism do Hot owe their existence to any particular fluids ; 
and the immateriality of heat, asserted half a century ago by 
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Eumfoi'cl, becomes, Ihrough the discovery of ita meclianical 
equivalent, a certainly. 

The form of force denoted by the name "heat" is plainly 
not single, but includes several distinct, though mutually 
equivalent, objects, three principal forms of which are distin- 
guished in eonunon language ; namely, I. Radiant Heat ; II. 
EVee (sensible) Heat, Specific Heat ; and IH. Latent Heat. 

There can be no duubt that radiant heat must be regarded 
as a phenomenon of motion, especially since the recent detec- 
tion of phenomena of interference in the radiation of heat. 
But Tvhetlier there really exists, as is commonly assumed, a 
peculiai- tether, of which the vibratory motion is perceived by 
us as radiant heat, or whether the seat of this motion is the 
particles of material bodies, is a question that is not yet made 

Still greater obscurity hangs about the essential nature of 
specific heat, or what goes on in the interior of a heated body. 
Not only does the unanswered question of the tether entei- 
again here, bnt, before we can be in a position to form any 
clear ideas on this subject, we require to have an exact knowl- 
edge of the internal constitution of matter. We are, how- 
ever, still far from having reached this point ; for, in particu- 
lar, we do not know whether such things as atoms eiist — that 
is, whethei- matter consists of such constituents as undergo no 
further change of form in chemical processes. 

But a span of that time which stretches both backwards 
and forwards into eternity is meted out to man here on earth, 
and the space ivhich his foot can tread is narrowly bounded 
above and below : so also his scientific knowledge finds nat- 
ural limits in the direction of the infinitely small as well as of 
the infinitely great. The question of atoms seems to me to 
lead beyond these limits, and hence I consider it unpractical. 
An atom in itself can no more become an object of our inves- 
tigation than a difierential, notwithstanding that the ratio 
which such immensely small auxiliary magnitudes bear to 
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oae anotier maj be represented by concrete numbers. In 
every case, however, the conception of an atom must be re- 
garded as merely relative, and mwst be considered in connec- 
tion witli some definite process ; for, as is well known, tbe 
particles of an acid and base may flay tbe part of atoms in 
the ibrmatioa and decomposition of a salt, while in another 
process these atoms may themselves undergo further division. 
But assuming that, in a chemical sense, atoms have a real 
existence — an assumption which, among other things, the 
laws of isomorphism certainly render probable — the further 
question arises whether, by the continued division of matter, 
we can at last arrive at molecules which are atoms in relation 
to th.^ phenomena of heat, such that heat cannot penetrate to 
their interior, and such that, when the whole mass is heated, 
they for their parts undergo no increase of bulk. But since 
■we are unable to grapple witli such preliminary questions as 
iieae, we are forced to confess that, whether the existence of 
,n sther and of atoms be admitted or not, we are, so far as 
'gards the nature of specific heat, in a state of ignorance. 

The expression " latent heat " has reference to its correctly 
ecognized property of indestructibility. In all cases in which 
nermometrically sensible specific heat disappears, it must be 
assumed that it eludes our perception only by taMng on some 
other state of existence, aad that by an appropriate process 
of inverse transformation the free heat can be reproduced in its 
original amount. These are the facts on -which the doctrine 
of latent heat rests ; and hence, if we have regard to them 
only, all the connected phenomena may be claimed as so many 
confinaaiions of the principle of the transformation and con- 
servation of force. 

The conception of latent heat is accordingly nothing else 
than the conception of something equivalent to free heat, and 
Lhus the doeti-ine of itee and specific heat embraces pretty 
nearly the whole domain of physics. A few examples, cho- 
sen from among the abundance of facts, may &■ 



3 to show 
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how, according to my view, the phenomena wiierein heat be* 
comes lat«nt are to he regarded. 

If heat is coinmunicated to a gas retained under constant 
pressure, the free heat of the gas is increased, and at the 
same time a ealciilable quantity of heat becomes latent ; tlie 
gas is thereby caused to expand, and thero is consequently 
produced an amount of vis viva proportional to the pressure 
and to the space through which expansion takes place. There- 
fore as soon as we know how much of the heat that has be- 
come latent is to be attributed to the expansion of the gas, we 
know also the amount of the remainder of the latent heat 
corresponding to the vis viva produced. Now G-ay-Luasac 
has proved by experiment that the specific heat of a gas un- 
dergoes no sensible alteration in flowing from a containiag ves- 
sel into a vacuum. Hence it follows that a gaseous body op- 
poses no perceptible resistance to the separation of its parti- 
cles, and that the rarefaction of a gas does not of itself (that 
is, when it occurs without any evolution of force) cause any 
Jjeat to become latent. The total quantity of heat which be- 
comes latent by the expansion of a gas is therefore to be taken 
as the equivalent of the vis viva produced. 

It results iiom the principle of the indestructibihty of 
heat — a principle which no one calls in question — that the 
quantity of heat which has thus become latent must again 
become free when heat is in any way produced at the expense 
of the acquired vis viva of motion. Motion is latent heat, 
and heat is latent motion. 

The celebrated law of Dulong, that the amount of heat 
produced by the compression of a gas is dependent on the 
amount of force expended, and not upon the chemical nature, 
tension, or temperature of the gas, is a special application of 
the above general principle. But in the communication so 
often mentioned I have shown that this law of nature is capa- 
ble of a very much wider application, and that the heat which 
becomes latent in the expansion of a ga« reappears agaiu in 
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every case, if the vis viva thereby produced ia employed to 
generate heat, whether by the eompressioa of air, by friction, 
or by the iiapact of nonelastic bodies ; and I have there 
calculated the mechanical equivalent of beat upon principles 
of which the occnracy cannot be disputed. I also measured 
at that time, by way of conti-ol, the heat produced in the 
manufacture of paper in Holland, and compared it with the 
working force expended, and so found a sufficient degree of 
concordance between the two quantities. I have recently, 
moreover, succeeded in constructing, for the purpose of the 
direct determination of the mechanical equivalent of heat, a 
very simple thermal dynamometer on a small scale, with 
which the truth of the principle in question can be demon- 
Btrat«d ad oeidos ; and I have reason to believe that the effi.- 
ciency of water-wheels and steam-engines might be easily and 
advanfageouBly measured by means of ^a similar calorimoto- 
rial apparatus. It must, however, be left to the future judg- 
ment of practical men to decide whether, and to what extent, 
this mefhod deserves to be preferred to Prony'a. 

Heat further becomes latent in cei-tain changes of the state 
of aggregation of bodies. Since it is a settled fact that both 
solid and liquid bodies oppose a certain resistance to the sep- 
aration of their parts, and since in general an expenditure of 
vis viva is required for the overcoming of mechanical resist- 
ances, we are led to conclude A priori that whenever the cohe- 
sion of a body is diminished or done away with, force or heat 
roust Leeome latent ; and this, as is well known, perfectly 
accords with experience. 

Starting from this point of view, the French physicist 
Person has attempted to detect a direct quantitative relation 
between the latent heat of metals, on which he has made a 
great nurober of observations, and their cohesion ; but at pres- 
ent determinations of this kind are beset with almost insur- 
mOHntable difficulties. 

The heat which becomes latent in the evaporation of water 
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has been eoasidered from qnite a similar point of view by 
Holtzmaim in hia important memoir " On the Heat and Elas- 
ticity of Gaaes and Vapours." Starting from the principle 
that elevation of temperature is equivalent to the raising of a 
weight, this philosopher has likewise calculated the mechani- 
cal equivalent of heat from the quantity of heat which be- 
comes latent by the expansion of a gas ; and he very i-ightly 
conceives of the latent heat of steam as made up of two 
parts, whereof one, the smaller, is expended in overcoming 
the opposing pressure of the atmosphere, and can hence be 
easily calcwlated by means of the mechanical equivalent of 
heat, while the remaiuing part, the amount of which can also 
be calculated, is what Holfamann calls the heat required to 
destroy the cohesion of the water. In all steam-engines this 
latter portion is wasted, and Holtzmann calculates from these 
data the superior efSciency of high-pressure compared with 
low-pressare engines.* 

If the view here taken of the latent heat of fusion and 
evaporation is correct, heat must also become latent when 
hard bodies are reduced to powder ; and when snch substances 
pass into the liquid condition from a state of fine division, ' 
they must absorb a smaller quantity of heat than when ibey 
are liquefied without previous comminution. A few experi- 
ments that I have instituted in this direction have not hitherto 
given any decisive result. 

It is also worthy of notice that certain solid bodies which 
are capable of assuming allotropic states, as, for instance, the 
osygen-eompounds of iron, evolve a considerable qnanfity of 
heat on passing from a less to a more hard condition. Such 
facts, the number of which will doubtless continually increase 
with time, agree perfectly with the above principle, that dim- 
inution of cohesion involves an expenditure of heat, and, on 
the other hand, increase of cohesion 3, production of heat. 



* The en^ne? whioh ^ve the gi'eateat uaeM effect must be ti 
wMcJi the steam receives an addition of heat during its espansion. 
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Customaiy langus^e, according to which gravity is called 
a moving force and heat a substance, occasions, on the one 
hand, the significance of an important natural object, falling- 
space, or the space through which a body falls, to he kept as 
much as possible ont of sight, and, on the other hand, heat to 
be removed to the greatest possible distance from the vis uwa 
of motion. The sciences are thus reduced to an artificial sys- 
tem, over whose fissured surface we can advaoee in safety 
only by the powerful aid of the higher analysis. 

Without doubt the fact that so simple and obvious a mat- 
ter as the connection between heat and motion could remain 
unpereeived up to the most recent times must also be attrib- 
uted to the same defect. Nevertheless, as has been already 
pointed out, the quantitative determination of chemical heat- 
ing-effects and of galvanic aotions, as well as researches into 
vital phenomena, instituted in the spirit of those of Liebig, 
must soon have led to the law, not diflcult to discover, of the 
equivalence of heat and motion. 

In reality this law and its numerical expression, the m&. 
chanioal equivalent of heat, were published almost simulta- 
neously in Germany and in England. 

Starting from the fact that the amount of chemical as well 
as of galvanic effect is dependent only and solely on the 
amount of material expenditure, the celebrated Engli&h phys- 
icist Joule was led to the principle that the phenomena of 
motion and of heat re'ft essentially upon one and the same 
foundation, or, as he expressed himself, in the same way as I 
have done, heat ami motion ai-e transformable one into the 

Not only did this philosopher indisputably make an inde- 
pendent discovery of the natural law in question, but to him 
belongs the credit of having made numerous and important 
eontributiona towards its further establishment and develop- 
ment. Joule has shown that when motion is produced by 
means of electro-magnetism, the heating effect of the galvanic 
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ciairent is diminished in a corresponding and fixed proportion. 
He has further ascertained that hy reversing the poles of a 
magnetic bar a quantity of heat is produced proportional to 
the square of the magnetic tension — a fact which ■vvas also 
discovered by myself, though at a later date. In particular, 
Joule has likewise demonstrated, by means of numerous ex- 
periments, that the heat evolved by friction under various cir- 
cumstances stands in an unvarying proportion to the amount 
of force expended. According to his most recent experiments 
of this kiad, he has fixed the mechanical equivalent of heat 
at 423.* 

Joule lias likewise investigated experimentally, in i-elation 
to this question, the thenaal behaviour of elastic fluids when 
expanded, and has thereby confirmed the earlier results of 
other physicists. 

The new subject soon began to excite the attention of 
learned men ; but inasmuch as both at home and abroad the 
subject has been exclusively treated as a foreign discovery, I 
find myself compelled to make the claims to which priority en- 
titles me ; for although the few investigatious which I have 
given to the public, and which have almost disappeared in the 
fiood of communications which every day sends forth without 
leaving a trace behind, prove, by the very form of their pub- 
lication, that I am not one who hankers after efiect, it is not 
therefore to be assumed that I am willing to be deprived of 
intellectual property which documentary evidence proves to 
be mine. 

By help of the mechanical equivalent of heat many prob- 
lems can be solved which, witliout it, could not be attacked at 
all : among them, the calculation of the thermal efiect of the 
falling together of cosmical masses may be especially men- 
tioned. It wUl not be out of place to indicate hero briefiy a 
few results of such calculations. 

•" That is, 1 thecmai unit— 423 kilogrammetoS!. 
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The following ia one problem of this kind. It is assumed 
that a coamical body enters the atmosphere of our earth with 
a velocity of four geographical miles per second, and that, in 
consequence of the resistance which it here encounters, it 
loses so much of its vis vivu of motion that its remaining ^ e- 
locity when it again quits the atmosphere amouata to three 
mOes: ike question now arises, How great is the thermal 
effect which accompanies this process? 

A simple calculation, based upon the mechanical equiva- 
lent of heat, shows that the quantity of heat required is about 
eight times as great as the heat of combustion of a mass of 
coal of equal weight with the body in question, one kilo- 
gramme of coal being taien as yielding 6,000 tbermai units. 
Hence it follows that the velocity of the motion of shooting- 
stars and flre-balls, which, as ia well-known, attains, accord- 
ing to astronomical observations, to from four to eight miles, 
is a cause fully sufiicieat to produce the most violent evolution 
of heat, and an insight info the nature of these remarkable 
phenomena is thereby afforded to us,* 

The following is a problem of a similar kind : if two cos- 
mical masses, moving ia space about theii' common centre of 
gravity, were by any cause whatever, for example by the re- 
sistance of the surrouadiag medium, caused to fall together, 
the question again arises. How great is fie thermal effect coi-- 
responding to this process of mechanical combinatiou^ 

Even though the elements of the orbits (that i? their ex- 
ceatrieity) may be uakaown, we caa nevertheless caliultte 
from the given weight and volume of the masse^> m question 
the mamnum aad the minimum of the required effect Thus 
let it be supposed, for the sake of aa example, that our eaith 
had been divided into two equal globes which had umted m 

*> The idea that the meteors here referred to owe thdr hght to i me 
olianical process — wlieUier friction, or the compression of tlie air — is not 
new; but without a knowledge of the mechanical equivalent of heat it 
could have no scientific foundation. 
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r describecl : calculation teaches us that the amount 
of heat which would have been evolved in such a case wonld 
considerably eisceed that which an equal weight of matter 
could furnish by the most intense process of chemical action. 
It is more than probable that tlie earth has come into ex- 
istence in some auch way, and that in consequence our sun, as 
seen from the distance of the fixed stars, exhibited at that 
epoch a transient burst of light. But what took place in our 
solar system perhaps millions of years ago, still goes on at 
the present time here and there among the fixed stars ; and 
the ti-ansient appearance of stars, which in some cases, lite 
the celebrated star of Tycho Brahe, have at first an extraor- 
dinary degree of brilliance, may be satisfactorily explained 
by assuming the falling together of previously invisible double 

Contrasting with such explosive bursts of light is the 
steady radiation, shown continuously thi-ough eaormous pe- 
riods, by the greater number- of fixed stars, and among them 
by our sun. Do these appearances, which in so special a 
manner tempt to higher speculations, constitute a real excep- 
tion to the exhaustion of a cause in producing its effect, which, 
in accordance with the foregoing considerations, we have re- 
garded as an estabhshed law of Nature? or does the small 
sum of human knowledge aiithorize us in supposing that here 
also there is an equivalence between performance and expen- 
diture, and in searohiag for the conditions of that equivalent? 

To enter further upon this subject would lead us beyond 
the intended scope of this publication ; and I therefore close 
in the hope that the reader will please to supplement by liia 
own reflection much that in this tract has been left unsaid. 
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SOME THOUGHTS 
OOIfSEEYATIO]^ OF POKOE. 

By Dtt. FARADAY. 



HoslcdbvCoOglc 



MiOHiEL riTLiDAY, SOU of 3 Miitlj, WHS boin 111 London in 17l>l. He 
ivas tangM readii^, nriling, and aiithmetic at a day-sehool, and in all other 
things adneatecl himself, At thirteen he was apprenticed to a bookbinder, 
cliooBing this vocation in order to be among books. He was early fond of ei- 
periment, and averse to trade ; and being taken to hear some lectures of B.r 
Humphrey Davy at Hie Royal Institution, he raaolved to pui'sue acienoe, and 
wrote to Davy asking his aasistance in oljteining a place. Davy favored bis 
i^lication, and in 1813, at the age of twenty, he was appointed assistant in 
the laboratory of tlie Royal Institution. In 1820 he discovered tlie chloride 
of carbon, and in 182S effected tte ooudensatiou of cblorine and other gases. 
On tMa account Davy became jealous of him, and discouraged the idea of 
recommending Mm for election to the Eoyal Society, which, however, took 
place in 1824. In 1820, Oersted announced his celebrated discovery of 
electro-magnetism, and Faraday at once entered upon an iUTeaygaOon of the 
relations of magnetism and electricity. In 1831 he eommenced his cele- 
brated series of Esperimental Kesearches In Electricity, which extended to 
three volumes, published in 1839, 1844, and 1860. In 1827 he published 
his admirable work on " Chemical Manipulations," and, in 1830, a valuable 
paper on " The Manufacture of Glass for Optical Purpose." In 1833 he 
became Professor of Chemistry in the Boyal lusUtution, and he has recdved 
numerous honors from the learned societies of Europe. In 1835 he reodved 
a pension of £300 a year, and in 1868 the Queen allotted him a re^dence in 
Hampton Court. Br. Fai'oday has talents of a high order, both as an orig- 
inal mvestigatoc and as a lecturer. Advanced in years, he has now retired to 
a considerable extent from active duty, but is stiU in the vigor of his powers, 
as is shown by his recent lectures io juvenile audiences in the Eoyal InslJ- 
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YAKIOTJS drcumstances induce me at tlie present mo- 
ment to put forth a consideration regarding tlie con- 
servation of force, I do not suppose that I can utter any 
truth respecting it that has not already presented itself to the 
high and piercing intellects which move within the exalted 
re^ons of science ; but the course of my own investigations 
and views makes me think that tbe consideration may be of 
service to those persevering labourers (amongst whom I en- 
deavour to class myself) who, occupied in the comparison of 
physical ideas with fundamental principles, aad continually 
sustaining and aiding themselves by experiment and observa- 
tion, delight to labour for the advaitce of natural knowledge, 
and ati'ive to follow it into undiscovered regions. 

There is no question which lies doser to the root of all 
physical knowledge than that which inquires whether force 
can be destroyed or not. The progress of the strict science 
of modem times has tended more and more to produce the 
conviction that "force can neither be cresU»d nor destroyed ;" 
and to render daily more manifest the value of the knowledge 
of that truth in experimental research. To admit, indeed, 
that force may be desti-uetible or can altogether disappear, 
would be to admit that matter could be uncreated ; for we 
know jnatter only by its forces ; and though one of these is 



...Coogic 



360 THE COHSEEVATION OF FOKCE. 

most commonly referred to, namely, gi-avity, to prove its 
presence, it is not because gravity has aay pi-etension, or any 
exemption, amongst the forms of force as regarcls the princi- 
ple of conservation, but simply that being, as far as we per- 
ceive, inconvertible in its nature and imchangeable in its man- 
ifestation, it offers an unchanging test of the matter whicb we 
recognize by it. 

Agreeing with those who admit the oonsei-vation of force 
to be a principle in physica, as large and sure as that of the 
indestructibility of matter, or the invariabUity of gravity, I 
think that no particular idea of force has a right to unlimited 
or unqualiflefl acceptance that does not include assent to it ; 
and also, to definite amount and definUe disposUion of the 
force, either in one effect or another, for these are necessary 
consequences ; therefore I urge, that the conservation of force 
ought to be admitted as a physical principle in all our hypoth- 
eses, whether partial or general, regarding the actions of mat- 
ter. I have had doubts in my own mind whether the consid- 
erations I am about to advance are not rather metaphysical 
than physical. I am unable to define what is metaphysical in 
physical science ; and am exceedingly adverse to the easy and 
unconsidered admission of one supposition upon another, sug- 
gested as they often are by very imperfect induction from a 
small number of facta, or by a \exy imperfect observation of 
the facts themselves ; but, on the other hand, I think tiie phi- 
losopher may be bold in his application of principles which 
have been developed by close inquiry, have stood through 
much investigation, and continually increase in force. For 
instance, time is growing up daily into importance as an ele- 
ment in the exercise of force. The earth moves ia its orbit 
in time ; the crust of the eai-th moves in time ; light moves in 
time ; an electro-magnet requires time for its charge by an 
electric current ; to inquire, therefore, whether power, acting 
either at sensible or insensible distances, always a«ts in time, 
is not to be metaphysical ; if it acts in time and across space, 
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it must act by pliysical Hues of force ; and <mv view of tlio 
nature of tiie force may te affected to the estrcmest degree 
by the conclusiona which experiment and ohservatdofl on tiroe 
may supply ; being, perhaps, finally determinable only by 
them. To inquire afier the possible time in ■which gravita- 
ting, magnetic, or electric force ia exerted, is no more meta- 
physical tiian to niark the times of the liands of a clock in 
their progress ; or that of tiie temple of Serapis and Its ascents 
and descents ; or the periods of tho oceultations of Jupiter's 
satellites ; or that in which tho light from them comes to the 
earth. Again, in some of the known cases of action in time, 
something happens whilst the time is passing which did not 
happen before, and does not continue after ; it is, therefore, 
not metaphysical to expect an effect in every case, or to en- 
deawjor to discover its existence and determine its nature. 
So in regard to the principle of the conservation of force ; I 
do not think that to admit it, and ita consequences, whatever 
tliey may be, is to be metaphysical ; on the contrary, if that 
word have any application to physica, then I think that any 
hypothesis, whether of heat, or electricity, or gravitation, or 
any other form of force, which either wiUingly or unwillingly 
dispenses with the principle of conservation, is more liable to 
the charge than those which, by including it, become so fiir 
more strict and precise. 

Supposing that the truth of the principle of the conserva^ 
tion of force is asaented to, I come to lis uses. No hypothesis 
should be admitted, nor any assertion of a fact credited, that 
deniea the principle. No view should be inconsistent or in- 
compatible with it. Many of our hypotheses in the present 
state of science may not comprehend it, and may be unable 
to suggest its consequeaces ; but none should oppose or con- 
tradict it. 

If the principle be admitted, we perceive at once that a 
theory or definition, though it may not contradict the princi- 
ple, cannot bo accepted as sufficient or complete unless the 
16 
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former be contained in it ; that however well or perfectly the 
definition may inclade and represent the state of things com- 
monly considered nnder it, that state or result is only partijj, 
and mnst not be accepted aa exhausting the power or being 
the fuU equivalent, and therefore cannot be considered as 
representing its whole nature ; that, indeed, it may express only 
a very small part of the whole, only a residual phenomenon, 
and hence give us but little indication of the full natnra! truth. 
Allowing the principle its force, we ought, in every hypothe- 
sis, either to account for its conseinences by saying what the 
changes are when force of a given kind apparently disappears, 
as when ice thaws, or else should leave space for the idea of 
the conversion. If any hypothesis, more or less trustworthy 
on other accounts, is insufficient in expressing it or incompat- 
ible with it, the place of deficiency or opposition should be 
marked as the most important for examination, for there lies 
the hope of a discovery of now laws or a new condition of 
force. The deficiency should never be accepted as satisfac- 
toiy, but be remembered and used as a stimulant to further 
inquiry; for conversions of force may here be hoped for. 
Suppositions may be accepted for the time, provided they are 
not in contradiction with the principle. Even an iaereased or 
diminished capacity is better than nothing at aU, because such 
a supposition, if made, mnst be consistent with the nature of 
the original hypothesis, and may, therefore, by the application 
of experiment, be converted into a further test of probable 
truth. The case of a force simply removed or suspended, 
without a transferred exertion in sOme other direction, appears 
to mo to bo absolutely impossible. 

If the principle be accepted as true, we have a right to 
pursue it to its consequences, no matter what they may be. 
It is, indeed, a duty to do so. A theory may be perfection, 
as far as it goes, but a consideration going beyond it, is not 
for that reason to be shut out. We might as well accept our 
limited horizon as the limita of the world. No magnitude, 
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dthep of the phenomena or of the results to he dealt with, 
should stop our exertions to ascertain, by the nao of tho prin- 
ciple, that something remains to he discoverecl, and to tra«o 
in what direction that discovery may lie. 

I will endeavour to illustrate some of the points which 
have fceen urged, by reference, in the first instance, to a case 
of power, which has long had great attractions for me, be- 
cause of its extreme simplicity, its promising natm-e, its uni- 
versal presence, and ia its invariability under like cu'cum- 
stances ; on which, though I have experimented* and as yet 
failed, I thiols: experiment would be well bestowed, I mean the 
force of gravitation. I believe I represent the received idea 
of the gravitating force aright in saying that it is a simple at- 
tracHve force exerted hetmeen any imo or all the pa/rtides or 
■masses of maUer, at every sensible distance, hut with a. sti-ength 
varying inversely as the sgua/re of the distcmee. The usual 
idea of the force implies direct action at a distance ; and such 
ft view appears to present little difficulty except to Newton, 
and a few, including myself, wlio in that respect may be of 
like mind with him. 

This idea of gi-avity appears to me to ignore entirely the 
principle of the conservation of force ; and by the terms of 
its definition, if token in an absolute sense, " varying inversely 
as the square of the distance," to be in direct opposition to it, 
and it becomes my duty now to point out where this contra- 
diction oectirs, and to use it in illustration of the principle of 
conseivation. Assume two particles of matter, A and B, in 
free ipace, and a force in each or in both by which they^ayi- 
tatc towaids each other, the force being unalterable for an 
unchanging distance, hut varying inversely as the square of 
the distance when the latter varies. Then, at the distance of 
ten, thefoice maybe estimated as one; whilst at the distance 
of one, that is, one-tenth of the former, tho force will bo one 

* PMloaopMoal Transacfions, 18B1, p. I. 
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himdred ; and if we suppose an elastic spring to be intro- 
duced between the two as a measure of the attractive force, 
tlie power compressing it will be a hundred times as mtteh in 
the latter case as in the former. But from whence can this 
enormous increase of power come? If we say that it is the 
character of this force, and content ourselves with that as a 
sufficient answer, then it appears to me we admit a creation 
of power and that to an enormous amount ; yet by a change 
of condifioo, so small and simple as to fail in leading the least 
instructed mind to think that it can be a sufficient cause, we 
should admit a result which would equal the highest act our 
minds can appreciate of the working of infiniffl power upon 
matter ; we should let loose the highest law in physical sci- 
ence which OXTX faculties permit us to perceive, namely, the 
conseraation of force. Suppose the two particles, A and B, 
removed back to the greater distance often, then the force of 
attraction would be only a hundredth part of that they pre- 
viously possessed ; this, according to the statement that the 
force varies inversely as the square of the distance, would 
double the straugeness of the above results ; it would be an 
anniMlation of force — an effect equal in its infinity and its 
consequences with, creation, and only within the power of Him 
who has created. 

"We have a right to view gravitation under every form that 
either its definition or its effects can suggest to the mind ; it 
is our privilege to do so with every force in nature ; and it is 
only by so doing that we have succeeded, to a lai-ge extent, in 
relating the varioiis forms of power, so as to derive one from 
another, and thereby obtain confirmatory evidence of the 
great principle of the conservation of force. Then let us 
consider the two particles, A. and B, as attracting each other 
by the force of gravitation, under another view. According 
to the definition, the force depends upon both particles, and if 
the particle A or B were by itself, it could not gravitate, that 
is, it eonld have no attraction, no force of gravity. 
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ing A to exist in that isolated state and without gi'avitaling 
force, aad then B phiced in relation to it, grftyitation cornea 
on, as is supposed, on the part of both. Now, without try- 
ing to imagine hoto B, which had no gi-avitating force, can 
raise up gravitating force in A ; and how A, equally without 
force befopelmnd, can raise up force in B, still, to imagine it 
as a fact done, ia to admit a creation of force in both parti- 
cles ; and so to, bring ourselves within the impossible conse- 
quences which have been already referred to. 

It may be said we cannot have an idea of one particle by 
itself, and so the reasoning fails. For my part I can compre- 
hend a particle by itself just as easily as many particles ; and 
though I cannot conceive the relation of a lone particle to 
gravitation, according to tie limited view which is at present 
taken of that force, I can conceive its relation to something 
which causes gravitation, and with which, whether the parti- 
cle is alone, or one of a universe of other particles, it is al- 
ways related. But the reasoning upon a lone particle does 
not fail ; for as the particles can be separated, wo can easily 
conceive of the particle B being removed to an infinite dis- 
tance from A, and then the power in A T,vill be infinitely di- 
minished. Such removal of B will be as if it were annilii- 
lated in regard to A, and the force in A will be annihilated 
at the' same time ; so that the case of a lone particle and that 
where different instances only are considered become one, be- 
ing identical with each other in their consequences. And as 
removal of B to an infinite distance is as regards A annihila- 
tion of B, so removal to tte smallest degree is, in principle, 
the same thing with displacement through infinite space ; the 
smallest increase in distance involves annihilation of power ; 
the annihilation of the second particle, so as to have A alone, 
involves no other consequence in relation to gravity ; there is 
difference in degree, hut no difference in the character of the 
result. 

It seems hardly necessary to observe, that the same line 
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of thought grows up in the mind, if wo consider tlie jnutua. 
gravitating action of one particle and many. The paiiicle A 
will attract liie particle B at the distance of a mile with, a 
certain degree of force ; it will attract a particle C at the 
same distance of a mile with a power equal to that by which 
it attracts B ; if myriads of like paiticles be placed at the 
given distance of a mile, A will attract each with equal force ; 
and if other particles be accumulated round, it, within and 
without the sphere of two miles diameter, it will attract them 
ail with a force varying inversely with the square of the dis- 
tance. How are we to conceive of this force growing up in 
A to a million-fold or more, and if the surroundiiig particles 
be then 'removed, of its diminution in an equal degree? Or, 
how are we to loot upon the power raised up in all these 
outer particles by the action of A on them, or by their action 
one on another, vrithout admitting, according to the limited 
definition of gravitation, the facile generation and annihilation 
of force ? 

The assumption which we make for (he time with regard 
to the nature of a power (as gravity, heat, etc.), and the 
form of words in which we express it, (hat is, it3 definition, 
should he consistent with the fundamental principles of force 
generally. The conservation of force is a fundamental prin- 
ciple ; hence the assumption with regard to a particular form 
of force ought to imply what becotaes of the force when its 
action is increased or dmmished, or its dwec^on changed; or 
else the assumptioa ehoold admit that it is dcfielcnt on that 
point, being only half competent to represent the force ; and, 
in any case, should not be opposed to the principle of conser- 
vation. The usual definition of gravity as an, attr-aative force 
hebween the particles of matter taeting inversely as the squaire 
of the distance, whilst it stands as a fuU definition of the 
power, is inconsistent with the principle of the eonserva(ion 
of force. If we accept the principle, such a definition must 
be an imperfect account of the whole of the force, and is 
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probably oiily a description of one exercise of tbat power, 
wbatever flie natitre of the force itself may be. If the defi- 
nitioa be accepted as tacitly including the conserYation of 
force, then it ought to admit that consequences must occur 
daring the suspended or ctimioished degree in its power as 
gravitation, equal in importance to the power suspended or 
hidden ; being in fact equivalent to that dimiantion. It ought 
also to admit, that it is incompetent to suggest or deal with 
any of the consequences of that changed part or condition of 
tlie force, and cannot tell whether they depend on, or are re- 
lated to, conditions e^etemal or internal to the gravitating par- 
ticle ; and, as it appears to me, can say neithei- yes nor no to 
any of the arguments or probabilities belonging to flie subject. 

If the definition denies the occurrence of such contingent 
results, it seems to me to be unphilosophical ; if it simply ig- 
fiores them, I think it is imperfect and insufficient ; if it ad- 
mits these things, or any part of them, then it prepares the 
natural philosopher to look for effects and conditions as yet 
nnknovm, and is open to any degree of development of the 
consequences and relations of power ; by denying, it opposes 
a dogmatic barrier to improvement ; by ignoring, it becomes 
in many respects an inert thing, often much in the way ; by 
admitting, it rises to the dignity of a stimulus to investigation, 
a pilot to human science. 

The principle of the conservation of force would lead us 
to assume, that when A and B attract each other less, be- 
cause of increasing distance, then some other exertion of 
power, either within or without them, is proportionately grow- 
ing up ; and again, that when their distance is diminished, aa 
from ten to one, the power of attraction, now increased a 
hundred-fold, has been produced out of some other form of 
power which has been equivalently reduced. This enlarged 
assumption of the nature of gravity is not more metaphysical 
tJian the half assumption ; and is, I believe, more philosophi- 
cal and more in adeordance with all physical considerations. 
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The half assuTOption is, in my view of the matter; more do^ 
matic and irrational than the wtole, because it leaves it to be 
understood that power can be created and destroyed almost at 

When tKe equivalents of the various forms of force, as far 
as they are known, are considered, their differences appear 
very great; thus, a grain of water is known to have electric 
relations equivalent to a very powerful flash of lightning. It 
may therefore be supposed that a very large appai-ent amount 
of the force causing the phenomena of gravitation, may be 
tbe equivalent of a very smaH change in some unknown con- 
dition of the bodies, whose attraction is varying by change of 
distance. For my own part, many considerations urge my 
mind toward the idea of a cause of gravity, which is not res- 
ident in the particles of matter merely, but constantly in 
them, and all space. I bave already put forth considerations 
regarding gravity wMch partake of this idea,* and it seems 
to have been Buhesitatingly accepted by Newton.t 

There is one wonderfiil condition of matter, perhaps its 
only true indication, namely, iwerita/ but in relation to the 
ordioary definition of gravity, it only adds to the difficulty. 
For if we consider two particles of matter at a certain dis- 
tance apart, attractii^ eaeh other under the power of gravity, 
and free to approach, they wiU approach ; and when at only 
half the distance, each will have had stored up in it, becaiise of 
Its ifttrtia, a certain amount of inecbanical force. This must 

* Fcoeeedings of the Itoyal InaStution, I85B, vol. IL, p. iO, etc 
f "That graTitj should be ionate, inheteni, anil essential to matter, so 
that one body may act upon another at & distance, through a viarmim, with- 
out Ibe medifttioa of any thing else, by and through ^Yhi6h thtdr liolion and 
force may be conveyed from one to another, la to nie eo great an absurdity 
that I helieve no men. who hae in philosophical matters a competent fac- 
ulty of thinking, can ever fall iato it. Qcavity mast be caused by an agent, 
acUug oonslantlj according to certain laws ; hut whether this agent ha ma- 
terial or immaterial I havo left to the consideration of my reader," — See 
Neiulon'i HMrd Zdter to BenSty. 
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be due to the force exei-ted, and, if the conservation principla 
be time, must have eonsiimed aa equivalent proportion of the 
cause of attraction ; and yet, according to the definition of 
gravity, the attractive force is not diminishecl thereby, but 
increased four-fold, the force growing np within itaelf the 
more rapidly, the more it is occupied in prodnctiig other force. 
On the other hand, if mechanical force from without he used 
to separate the particles to twice their distance, this Ibree is 
not stored up in momentum or by inertia, bat disappears ; and 
tbree-foarths of the attractive force at the first distance disap- 
pears wjtli it. How can this be? 

We know not the physical condition or action from which 
inertia results ; but inertia is always a pure case of the con- 
servation of force. It has a strict relation to gravity, as ap- 
pears by the proportionate amount of fbe force which gravity 
ena communicate to the inert body ; but it appears to have 
Ibe some strict relation to other forces acting at a distance as 
those of magnetism or electricity, when they are so applied 
by tfce tangential balance as to act independent of the gravi- 
tating force. It has the like strict relation to force communi- 
cated by impact, pull, or in any other way. It enables a 
body to take up and conserve a given amount of force until 
that force is transftrred to other bodies, or changed into an 
equivalent of some other form ; that is all that we perceive 
in it ; and we cannot find a more striking instance amongst 
natural, or possible phenomena, of the necessity of the con- 
servation of force as a law of nature ; or one more in con- 
trast with the assumed Tariable condition of the gravitating 
force supposed to reside in the particles of matter 

Even gravity itself furnishes the strictest proof of tjie con- 
Borvation of force in this, liat its power is unchangeable for 
the same distance ; and is by that in striking contrast with 
the variation which we assume in regard to the cause of grav- 
Uy, to account for the resvlta at different distances- 
It will not be imagined for a moment that I am opposed 
16* 
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to what may be called the law of gravUating action, tliat is, 
the law by which aU the known effects of grayily are gOY 
erned ; what I am considering is the definition of the/orce of 
gravitation. That the result of one exercise of a power may 
"be iuTersely as the square of the distance, I believe and ad- 
mit ; and I know that it is so in the case of graTity, and haa 
been verified to an extent that could hardly have been within 
the conception even of Newton himself when he gave utter- 
ance to the law ; but that the totality of a foree can be em- 
ployed according to that law I do not believe, either in rela- 
tion Jo gravitation, or electricity, or magnetism, or any other 
supposed form of power. 

I might have drawn reasons for urging a continual recol- 
lection of, and reference to, the principle of the conservation 
of force from other forms of power than that of gravitation ; 
but I tiiink that when founded on gravitating phenomena, 
they appear in their greatest simplicity ; and precisely for this 
reason, that gravitation has not yet been connected by any 
(degree of convertibility with the other forms of force. If I 
refer for a few minutes to these other forms, it is only to 
point in their variations, to the proofs of the value of the 
principle laid down, the consistency of the known phenomena 
■with it, and the suggestions of research and discovery whicb 
arise from it. Heat, for instance, is a mighty form of power, 
and its efiects have been greatly developed ; therefore, assump- 
tions regarding its nature become useful and necessary, and 
philosophers try to define it. The most probable assumption 
is, that it is a motion of the particles of matter ; but a view, 
at one time very popular, is, that it consists of a particular 
fluid of heat. Whether it be viewed in one way or the other, 
the principle of conservation ia admitted, I believe, with all its 
force. When transferred from one portion to another portion 
of like matter, the full amount of heat appears. When trans- 
ferred to matter of another kind an apparent excess or dei> 
ciency oilon results ; the word " capacity" is then introduced. 
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which, ■while it acknowledges the principle of conservation, 
leaves space ibr research. When employed in changing the 
state of bodies, the appearance and disappearance of the heaf 
is provided for conslstentlj- by the assumption of enlarged or 
diminished motion, or else space is left by the term " capa- 
city" for the partial views which remain to be developed. 
When converted into mechanical force, in the steam or air 
en^ne, and so brought into direct contact with gravity, being 
then easily placed in relation to it, still the conservation of 
force is folly respected and wonderfully sustained. The con- 
stant amount of heat developed in the whole of a voltaic cur- 
rent desciibed by M. P. Favre,* and the present state of the 
knowledge of thermo-electricity, are again, fine, partial, or 
subordinate illustrations of the principles of conaeiwalion. 
Even when rendered radiant, and for the time giving no trace 
or signs of oi-dinary heat action, the assumptions regarding 
its nature have provided for the belief in the conservation of 
force, by admitting either that it throws the ether info an 
equivalent state, in sustaining which for the time the power 
is engaged ; or else, that the motion of the particles of heat 
is employed altogether in their own transit from place to 
place. 

It is true tliat heat often becomes evident or insensible in 
a manner unknown to us ; and we have a right to ask what 
is happening when the heat disappeai's in one part, as of the 
thermo-voltaic current, and appears in another ; or when it 
enlarges or changes the state of bodies ; or what would hap- 
pen, if the heat being presented, such changes were purposely 
opposed. We have a right to ask these questions, but not fo 
ignore or deny the conservation of force ; and one of the 
highest uses of the principle is to sorest such inquu-ies. Es- 
plications of similar points are continually produced, and will 
be most abundant fixim the hands of those wlio, not desiring 

* Comtca Rendug 18S4, vol. sxsis., p. 1312. 
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to ease their labour by forgettiDg tlie principle, are ready to 
admit it, either tacitly, or, better still, effectively, being then 
continiuJly guided by it. Such philosopbera believe that heat 
must do its equivaleat of work ; that if iu doing -work it 
seem to disappear, it is* still producing its equivalent effect, 
though often in a manner partially or totally unknown ; and 
that if it give rise to another form of foreo (as we imperfectly 
express it), that force is equivalent in power to tlie beat which 
has disappeared. 

What is called chemical attraction affords equally instruc- 
tive and suggestive considerations in relation to the principle 
of the Gonsea^ation of force. The indestructibility of indi- 
vidual matter is one case, and a most important one, of the 
conservation of chemical force. A molecule has been en- 
dowed with powers wHcb give rise in it to various qualities, 
and these never change, either in their natiire or amount. X 
particle of oxygen is ever a particle of oxygen — nothing can 
ia the least weaa- it. If it enters into combination and disap- 
pears as oxygen — if it pass through a thousand combinations, 
animal, vegetable, mineral — ^if it lie hid for a thousand years 
and then be evolved, it is oxygen with its fii'st qualities, nei- 
tlier more nor less. It has all its original force, and only 
that ; the amount of force which it disengaged when hiding 
itself has agaia to be employed in a reverse direction when it 
is set at liberty ; and if, hereafter, we should decompose oxy- 
gen, and find it compounded of other particles, we should only 
increase the strength of the proof of the conservation of 
force, for we should have a right to say of these particles, 
long as they have been bidden, all tliat we could say of the 
oxygen itself. 

Again, the body of facts included in the theory of definite 
proportions, witnesses to the truth of the eonsei'vation of 
force ; and though we know little of the cause of the change 
of properties of the acting and produced bodies, or how the 
forces of the former are hid amongst those of the latter, we 
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do not for an instant doubt tlia conservation, lint are moved 
to look for the manner in wliich the forcea are, for the time, 
disposed, or if they have taken up another form of force, to 
search what that form may be. 

Even chemical action at a distance, ■which is ia such an- 
tithetical contrast with the ordinary exertion of chemical afttn- 
ity, since it can produce effects miles away irom the particlei 
on which they depend, and which are effectual only by forces 
acting at insensible distances, still proves the same thing, the 
conservation of force. Preparations can be made for a chem- 
ical action in the simple voltaic circuit, but- until the circuit 
be complete that action does not occur ; yet in completing we 
can so arrange the circuit, that a distant chemical action, the 
perfect equivalent of the dominant chemical action, shall be 
produced ; and this result, whilst 'it establishes the electro- 
chemical equivalent of power, establishes the principle of the 
conservation of force also, and at the same time suggests 
many collateral inquiries which have yet to be made and 
answered, before all that concerns the conservation in this 
case can be understood. 

This and other instances of chemical action at a distance 
carry our inquiring thoughts on from the facts to the physical 
mode of the exertion of force ; for the qualities which seem 
located and fixed to certain particles of matter appear at a 
distance in connection with particles altogether different. 
They also lead our thoughts to the conversion of one form of 
power into another ; as, for instance, in the heat which the 
elements of a voltaic pile may either show at the place where 
they act by their combustion or combination together, or in 
the distance, where the electric spark may be rendered mani- 
fest ; or in the wire of fluids of the different parts of the 
circuit. 

When we occupy ourselves with the dual forms of power, 
electricity, and magnetism, we find great latitude of assump- 
tion, and necessarily so, for the powers become more and 
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more complicated in their conditions. But still tliere is no 
apparent desire to let loose the force of tlie principle of con- 
serration, eveo in those cases ivhere the appearance and dis- 
appearance of force may seem most evident and striking. 
Electricity appears when ■fiiere is consumption of no other 
force than that required for friction ; we do not know how, 
but we search to know, not being willing to admit that tlio 
electric force can arise out of nothing. The two electricities 
are developed in equal proportions ; and having appeared, we 
may dispose variously of the ipflnenco of one upon successive 
portions of the other, causing many changes in relation, yet 
never aljle to make the sum of the force of one kind in the 
least degree exceed or come short of the sum of the other. 
In that necessity of equality, we see another direct proof of 
the conservation of force, in the midst of a thousand changes 
that require to be developed in their principles before wo 
can consider this part of science as even moderately known 
tons. 

One assumption with regard to electricity is, that there is 
an electric fluid rendered evident by excitement in plus and 
minus proportions. Another assmnption is, that there are 
two fluids of electricity, each particle of each repelling all 
pai-ticles like itself, and attracting all particles of the other 
kind always, and with a force proportionate to the inverse 
square of the distance, being so far analogous to the defini- 
tion of gravity. This hypothesis is antfigonlstic to the law 
of the conservation of force, and open to all the objections 
that have been, or may be, made against the ordinary defini- 
tion of gravity. Anotlier assumption is, that each particle of 
the two electricities has a given amount of power, and can 
only attract contrary particles with the sum of that amount, 
acting upon each of two -with only half the power it could in 
like circumstances exert apon one. But various as are the 
assumptions, the conservation of force (though wanting in the 
second) is, I think, intended to be included in all. I might 
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rqicat tho same uLservatioiia nearly in regard to mRgnetism- 
whctlier to be asaumed as a iluid, or two fluids or elet'tric cur 
rents — whether the extomal action bo supposed to be action 
at a distance, or depeadent oa an uxtcrnal condition and 
linos of force — still, all are intended to admit the conserva- 
tion of power as a principle to which the phenomena are 
subject. 

The principles of physical knowledge are now so far &p- 
veloped as to enable us not merely to define or describe (hu 
hnowi), but to state reasonable expectations ivgardiug the 
nnhnown; audi think the principle of the (.onwervation of 
force may greatly aid experimental philosophers in that duty 
to science, which consists in the enunciation of problems 1;o 
be solyed. It will lead us, in any case where the force re- 
maining unchanged in form is altered in direction only, to 
loot for the new disposition of the force ; as in the cases of 
magnetism, static electricity, and perhaps gravity, and to as- 
certain that as a whole it remains unchanged in amount— or, 
if the original force disappear, either altogether or in part, it 
■will lead u8 to look for the new condition ov form of force 
which should result, and to develop its equivalency to the 
force that has disappeared. Likewise, when force is devel- 
oped, it will cause ns to consider the previously-existing equiv- 
alent to the force so appearing ; and many such cases there 
are in chemical action. "WTien force disappears, as in the 
electi-ie or magnetic induction after more or less discharge, or 
that of gravity with an increasing distance, it will suggest a 
research as to whether the equivalent change is one within 
the apparently acting bodies, or one e'jiemal (in part) to 
them. It will also raise up inquiry as to the nature of the 
internal or external state, both before the change and after. 
If supposed to be external, it will suggest the necessity of a 
physical process, by wlueh the power is communicated from 
body to body ; and in the case of external action, will lead 
to the inquiry whether, in any case, there can be trtily action 
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at a distance, or whether the ctiicr, or sottie other medium, U 
not neceaaarily present. 

We are not permitted as yet to see the nature of the aource 
of physical power, but we are allowed to see much of the 
consistency esdsfing amongst the various forms in which it is 
presented to lis. Thus, if, in static electricity, we consider 
an act of induction, wc can perceive the consiHteney of aU 
other like acts of induction with it. If we then take an elec- 
. trie current, and compare it with this inductive effect, we see 
their relation and consistency. In the same manner we have 
arrive'tl at a knowledge of the consistency of magnetism with 
electricaty, and also of chemical action and of heat with all 
the former ; and if we see not the consistency between gravi- 
tation vrith any of these forms of force, I am strongly of the 
mind that it is because of our ignorance only. How inipei^ 
feet would our idea of an electric current now be, if we were 
to leave out of sight its origin, its static and dynamic induc- 
tion, its magnetic influence, its chemical and healing effects ; 
or our idea of any one of these results, if we left any of the 
others unregarded ? That there should be a power of gravita- 
tion existing by itself, having «o relaMon to the other natural 
poiuers, <md no respect to the law of the conservation of force, 
is as little likely as that there should be a priaciple of levity 
as well as of gravity. Gravity may be only the residual part 
of the other forces of nature, as Mositi has tried to show ; 
but that it should fall out from the law of all other force, aad 
should be outside the reach either of further experiment or 
philosophical conclusions, is not probable. So we must strive 
to learn more of this outstanding power, and endeavour to 
avoid any definition of it which is incompatible with the prin- 
ciples of fiDrce generally, for all the phenomena of nature lead 
us to believe that the great and governing law is one. I 
would much rather incline to believe that bodies affecting 
each other by gravitation act by lines of force of definite 
amount (somewhat in the manner of magnetic or electric in- 



...Coogic 



MEHTAL QUALIPICATI0N8 FOE THE INQIJIBT, 377 

duction, though witli polarity), or by an ether pervading all 
parta o£ space, than admit that the conservation of forca 
could be dispensed with. 

It may be supposed, that one who has little or no mathe' 
matieal knowledge should hardly assume a right to judge oi 
the generality and force of a principle such as that which 
forms the subject of these remarks. My apology is tHs : I 
do not perceive that a mathematical mind, simply as such, lias 
any advantage over an equally acute mind not mathematical, 
in perceiving the nature and power of a natural principle of 
action. It cannot of itself introduce the knowledge of any 
new principle. Dealing with any and every amount of static 
electricity, the mathematical mind has balanced and adjusted 
them with wonderful advantage, and has foretold results 
which the experimentalist can do no more than verify. But 
it could not discover dynamic-electricity, nor electro-magneff 
ism, nor magneto-electricity, or even suggest them ; though 
when once discovered by the experimentalist, it can take them 
up with extieme facility. 

So in respect of the force of gravitation, it has calculated 
the results of the power in such a wonderful manner as to 
trace the known planets through their courses and perturba- 
tions, and in so doing has discovered a planet before unknown ; 
but there may be results of the gravitating force of other 
kinds than attraction inversely as the square of the distance, 
of which it knows nothing, can discover nothing, and can 
neither assert nor deny their possibility or occurrence. Under 
these circumstances, a principle which may be accepted as 
equally strict with mathematical knowledge, comprehensible 
without it, applicable by all in their philosophical logic, what- 
ever form that may take, and above all, suggestive, encour- 
aging, and instructive to the mind of the experimentalist, 
should be the more earnestly employed and the more fre- 
quently resorted to when we are labouring either to discover 
new regions of science, or to map out and develop those 



...Coogic 



S78 THE CONSERVATIOH OF FOHCE. 

■wMeh are knmTn into one harmonious whole ; and if in such 
strivings, we, whilst applying the principle of conservation, 
see but imperfectly) stiU we shonld endeavour to see, for even 
an obscure and distorted vision is better than none. Let ns, 
if wc can, discover a new thing in any shape ; the true ap- 
pearance and character will be easily developed afterwards. 

Some are much surprised that I should, as they think, 
venture to oppose the conclusions of Newton ; but here there 
is a mistake. I do not oppose Newton on any point ; it is 
rather those who sustain the idea of action at a distance, that 
contradict him. Doubtful as I ought to be of myself, I am 
certainly very glad to feel that my convictions are in accord- 
ance with hia conclusions. At the same time, those who oc- 
cupy themselves with such matters ought not to depend alto- 
gether upon authority, but should find reason within them- 
selves, after careful thought and consideration, to use and 
abide by their own judgment. Newton himself, whilst refer- 
ring to those who were judging his views, speaks of such as 
are competent to form an opinion in such matters, and makes 
a strong distinction between them and those who were incom- 
petent for the case. 

But after all, the principle of the conservation of force 
may by some be denied. Well, then, if it be unfounded even 
in its application to the smallest part of the science of force, 
the proof must be within our reach, for aU physical science 
is so. In that case, discoveries as large or larger than any 
yet made, may be anticipated. I do not resist the search for 
tliem, for no one can do harm, but only good, who works 
with an earnest and truthful spirit in such a direction. But 
let US not admit the destruction or creation of force without 
clear and constant proof. Just as the chemist owes all the 
perfection of his science to his dependence on the certainty 
of gravitation applied by the balance, so may the physical 
philosopher expect to find the greatest security and the utmost 
aid in the principle of the conservation of fo:ce. All that 
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we have lliat is good and safe, as the eteam-engiae, the elec- 
tric-telegrapli, &c,, witness to that principle — it would require 
aperpetualiiiotion,afiremt]ioiit heat, heat without a sonrce, 
action -without reaction, cause with effect, or effect without a 
canae, to displace it from its rank as a law of nature. 



During the year that has passed since the publication of 
the foregoing views regarding gravitation, &c., I have come to 
the knowledge of various observations upon tJiem, some 
adverse, oihei-s favourable ; these have given me no reason to 
change my own mode of viewing the subject ; but some of 
them make me think that I have not stated the matter with 
sufficient precision. The word "force" is understood by 
many to mean simply " the tendency of a body to pass from 
one place to another," which is equivalent, I suppose, to the 
phrase " mechanical force ; " those who so restrain its mean- 
ing must have found my argument very obscure. What I 
mean by the word " force," is the cause of a physical action ; 
the source or sources of all possible changes amongst the 
particles or materials of the universe. 

It seems to me that the idea of the conservation of force is 
absolutely independent of any notion we may form of the 
nature of force or its varieties, and is as sure and may be as 
firmly held in the mind, as, if we, instead of bemg very 
ignorant, nnderstood perfectly every point about the cause of 
force and the varied .effects it can produce. There may be 
perfectly distinct and separate causes of what aie called 
chemical actions, or electrical actions, or gravitating actions, 
constituting so many forces ; but if the "conservation of 
force " is a good and true principle, each of these foices must 
he subject to it ; none can vary in its absolute amount ; each 
must be definite at all times, whether for a particle, or for all 
the particles in the universe ; and the sum also of the three 
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forces muat be equally imctangeaHe. Or, there may be bul 
one cause for ilieBe three sets of actions, and in place of three 
forces we may really have but one, convertible in ita manifes- 
tationa ; then the proportions between one set of aciiona and 
another, as the chemical and the electrical, may become very 
variable, so as to he utterly inconsistent with the idea of the 
coEservation of two separate' forces (the electrical and 
the chemical), but perfectly consistent ivith the conservation 
of a force, being the common cause of the two or more seta 
of action. 

It is perfectly trne that we caimot always trace a force by 
its actions, though we admit its conservation. Oxygen and 
hydrogen may remain mixed for years without showing any 
signs of chemical activity ; they may he made at any given 
instant to exhibit active results, and then assume a new 
Bta,te, in which again they appear as passive bodies. Now, 
though we cannot clearly explain what the chemical force is 
doing, that is to say, what are its effects during the three 
periods before, at, and after the active combination, and, only 
by very vague assumption can approach to a feeble concep- 
tion of its respective states, yet we do not suppose the creation 
of a new portion of force for the active moment of time, or 
the leas believe that the forces belonging to the oxygen and 
hydrogen exist unchanged in their amount at all these periods, 
though varying in their results. A part may at the active 
moment be thrown off as mechanical force, a part as radiant 
force, a part disposed of we know not how ; but believing, by 
the principle of conservation, that it is not increased or 
destroyed, our thoughts are directed to search out what 
at all and every period it is doing, and how it ia to be 
recognized and measured. A problem, founded on tlie 
physical truth of nature, is stated, and, being stated, is on the 
way to its solution. 

Those who admit the possibility of the common origin of 
all physical force, and also acknowledge the principle of con- 
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servation, apply that princliile to the sum total of the force 
Though the amount of mecianieal force (using habitual lan- 
guage for' convenience sake) may remata unchanged and 
definite in its character for a long time, yet when, as in the 
collision of two equal inelastic bodies, it appears to he lost, 
they find it in the form of heat ; and whether they admit that 
heat to be a continned mechanical action (as is most proba^- 
ble), or assume some other idea, as that of electricity, or 
action of a heat-fluid, still they hold to the principle of con- 
servation by admitting that the sum of force, i. e. of the 
" cause of action," is the same, whatever character the effects 
assume. With them the convertibility of heat, electricity, 
magnetism, chemical action and motion, is a familiar thought ; 
neither can I perceive aoy reason why they should be led to 
exclude, d priori, the cause of gravitation from association 
with the cause of these other phienomena respectively. All 
that they are limited by in their various investigations, 
whatever directions they may taVe, is the necessity of mak- 
ing no assumption directly contradictory of the conservation 
of force applied to the sum of all the forces concerned, and to 
endeavour to discover the different directions in which the 
various pait^i of the total force have been exerted. 

Those who admit separate forces inter-unchangeable, 
have to show that each of these forces is separately subject 
to the prmciple of conservation. If gravitation be such a 
separite force, and yet its power in the action of two patv 
tides be supposed to be diminished fom'foH by doubling the 
distance, suiely tiome new action, having true gravitation 
chaiacter, and that alone, ought to appear, for how else can 
the totality ot the force remain unchanged? To define the 
force as " a simple attractive force eserted between any two 
or all the particles of matter, with a strength varying in- 
versely as the square of tho, distance," is not to answer the 
question ; nor does it indicate or even assume what are the 
other complementary results which occur ; or allow the sup- 
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position that such are necessary : it is simply, as it appears 
to me, to d&ny the conservation offeree. 

As to the graritating force, I do not presume to say that I 
have the least idea of what occurs in two particles when their 
power of mutually approaching each other is changed by 
their being placed at different distances ; but I Irnve a strong 
conviction, tlirough the influence on my mind of the doctrine 
of conserYfttion, that there is a change ; and that the phe- 
nomena resulting from the change will probably appear some 
day as the result of careful research. If it be said that 
" 'twere to consider too curiously to consider so," then I 
must dissent : to refrain to consider would be to ignore the 
principle of the conservation of force, and to stop the inquiry 
which it suggests — whereas to admit the proper logical force 
of the principle in our hypotheses and considerations, and to 
permit its giudance in a cautious yet courageous course of in- 
vestigation, may give us power to enlarge the generalities we 
already possess in respect of heat, motion, electricity, mag- 
netism, &c., to associate gravity with them, and perhaps 
enable us to know whether the essential force of gravitation 
(and other attractions) is infernal or external as respects the 
attracted bodies. 

Beturning once more to the definition of the gravitating 
power as " a simple aitradive force exerted hetwe&n any two fir 
aU the ^artides or masses of matter ai every sensible distance, 
but with a STREHGTH vAnusG inversely ew the square of the 
distance," I ought perhaps to suppose there are many who 
accept this as a true and sufficient description of the force, and 
who therefore, in relation to it, deny the principle of conser- 
vation. If both are accepted and are thought to be consist- 
ent with each other, it cannot be difficult to add words 
which shall make "varying strength" and "conservation" 
agree together. It cannot be said that the definition merely 
applies to the effects of gravitation as far as we know them. 
So understood, it woiJd form no barrier to progress ; for, 
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that paitidc" at different disfancea ire ui£;t,d toward each 
other wiih 1 po^erTttayins mveiielj ■i'* the square of the 
distance, is a tiuth but the definition has not that mean- 
ing and what I object to is the pietfncc of knowledge 
which the defimtioa seta u\ when it aasumc s tn di scribe, not 
the partial efltcts of thi. t Tpe but the n it le <t the force 
as a whole 
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Jusma VON Lieeig, bora at DafDietadt in 1303, after speactiog teu 
months in an apothecary's shop, entered the Univer^ty of Bonn in 1819, 
and aflerwards gradnateii in medidne in Erlangen. In 1822 he went to 
Paris, Trhece lie stiidied ehemiBtry two years. In 1824 lie read a paper on 
the Fuhmnafes before the French Ihsldtute, which attracted the attention of 
Humboldt, by whose mfluenoe he vrm appointed adjnnot Professor of Chem- 
istry in the TJniverBity of Gieasen. He became professor of this institution 
iu 1826, and established here the first laboratory in Cfermnny for teaching 
praotioal chetniatry. In 1S40 lie pubiiaiied Ma " Chemistry in its applica- 
tions to Agdculture and Phy^ology," in the form of a report to the British 
Asaoeiation. In 1842 he reported to »±ie same body his wocfc on "Animal 
Chemistry," About the same time appeared his " Familiar letters on 
Chemistry," which haa ance been rewrilteu and mnch extended. He is llie 
author also of various other valuable worts. He remained at GSeasen tal 
1882, when he became proftasor and president of tlie laboratory in the 
DaiTeodty of Munieh. In 1854 Lis friends in Europe contributed »nd pre- 
aented to him £1,000, and in 1860 he became President of thS Academy of 
Sdences in Munich. Professor Liebig ia a bold and intrepid inr^tigator, 
and an ardent writer, who haa made a profound impression upon hia aga 
While some of his views have not been accepted in the chemical world, and 
indeed have been abandoned by himself, otters have taken thdr place as 
valuable additions to the body of sdentifio truth. The chaige that some of 
his dootdnes have proved erroneous does not disturb him ; in the true sden- 
tiflc spirit he replies, " Show me the man who makes no mistake, and I will 
show you a man who has done notlimg." 
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IT is well knoivTi tliat our machines create no poivcr, bat 
only return what they have received. The motion of a 
dock is produced by a weight or a spring ; but it is the power 
of the human arm applied to stretch the spring or elevate the 
weight, which is expended in the movement of the wheels and 
pendolumi in twenty-fotir hours, or in e^ht or fourteen days, 

A water-wheel sets in motion, in a mill, one or more mill- 
stones ; in a foundry, one or more hammers ; in saltworks 
or mines it pumps or raises weights to certain heights; in 
factories, it communicates movements to looms, spinning ma- 
chiues, and rollers In all thpse instances, the work per- 
formed by the wate whe 1 dn o he f e exerted by the 
falling water on the bn ke wlu he 1 wheel in motion ; 
and this force mns be "rea huh istanee p 
by the different ma hm m opera on Tl e 
the machine is mea> able by h s fo 

The work of a steam-engine is executed by the movement 
of a piston upwards and downwards by the pressure of steam, 
jnsfc as a water-wheel is moved by the pressure of water. 
The cause of this pressure is keat, which is derived from the 
chemical process of combustion, and is absorbed by watei\ 
By this heat, steam is produced, and the necessary expansion 
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obtained for tie movement of tlie piston. It is heat, in this 
last form, wMdi performs the mechanical work of the ma- 
chine. 

Every force acta by prodacing pressure either from or tow- 
ards (lie centre of motion, Jh every machine in operation 
the amount of power is always measurable by the resistance 
overcome ; and this again can be expressed by corresponding 
■weights, which that power is capable of raising to a certain 
height. If one man raises by a pump, in one minute, 150 lbs. 
of water, and another 200 lbs, ; or if one horse draws to a 
certain distance ^ load of 20 cwt., and another a load of 30 
cwt., it is evident that these numbers express the relative 
working power of these two men or horses. In mechanics, 
the working power of every machine is expressed in horse 
power, tliat is, a force capable of elevating in each second 75 
kilogrammes (^2^ lbs. avoirdupois) to a height of one meter 
<39-37 inches). 

The whole power oomnmnicated to a machine is not acta- 
ally available, but is in part lost by friction. For if two 
machines possess the same power, it is found that the greater 
quantity of work will be executed by the one which has to 
overcome the smaller amoiint of Motion. In mechanics, 
friction is always regarded as acting in direct opposition to 
motion in eveiy machine. It was believed that the working 
power of a machine could be absolutely annihilated by it. 

As the proximate cause of the cessation of motioQ, friction 
was a palpable fact, and could as such be taken into account ; 
bat a fatal error was committed in giving a theoretical view 
o£ its mode of action. For if a power could be annihilated, 
or, in other words, have nothing as its effect, then there would 
be no contradiction involved in the belief, that out of nothing 
also power could he created. To this erroneous idea we may 
partly trace the belief, held for centuries by most able men, in 
the possibiEty of discovering a machine which should renew 
within itself its own power as it was expended, smd thus ever 
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continue in motion, witlioiit the necessity for any extenial 
motive force. The discovery of each a perpetual motion was, 
indeed, worthy of every effort. It would be as valuable as 
the bird which lays the golden eggs ; for by its means labowr 
would be performed, and money made in abnndance without 
any expenditure. 

A mass of facts, hitherto unintelligible, have bad much 
light thrown upon them by a more cowect view of natural 
forces, for which we are indebted to a physician, Dr. Mayer, 
of Heilbronn, and which, by the investigations of the most 
eminent natural pbilosopbeis and mathematicians, has attained 
a significance and importance scarcely to be foreseen. 

According to Dr. Mayer, forces are eatises, in which full 
application of the axiom must be found, that every cause 
must produce an effect which corresponds and is equal to the 
cause, Gama tequat effectim,. Thus if a cause produces 
an effect E, then C =i E. Should the effect E become the 
cause of another effect e, then also E ^ e ^ C. In such a 
chain of causes and effects no link, or part of a link, can ever 
become nothing ^ nothing. Should a given cause C have pro 
duced its corresponding effect E, then C ceases to exist, for 
it has been converted Into E. Consequently, as C passes into 
E, and the latter into e, it follows that all these causes, as far 
as relates to their quatiiity, possess the property of indest'nidi- 
iiUt^, and to their quality that of convertibility. In number- 
less cases we see a motion cease, without its usual effects 
being produced, such aa lifting a weight or load ; but as the 
force which has caused the motion cann be u o 
nothing, the question ariseSj what f in ha s um d Es 
perience gives the answer, by sliowm^ ha ■nh n a 

is arrested by friction, a blow, or ncu n h h 

suit. The motion ia the cause of tl h 

Tlie rapid friction of two plates f m al n h 

temperature to redness, and cause e bulh n f a f 
the friction takes place below its si ace In lik manner 
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by rapid motioa the iron tires of carriage wteels bccomG fre- 
quently ao hot tliat they cannot be touched. In grindiag 
needle-pointa the steel is heated to redness, and the detached 
particles burn with sparks. The wooden breaks of railway- 
carriages become frequently so hot by friction tliat their suiv 
face emits an empjreumatic odour. By the friction of an 
iron grater, particles of white sugar can be melted and heated 
so far as to acquire the taste of burnt sugar (Caramel). The 
heat evolved by the friction of two pieces of ice is sufficient to 
melt them. 

In the English steel-foundries a bar of steel 10 or 12 
inches long, by being heated at one end in a forge, is welded 
by hammertog to another slender bar, 10 or 12 feet loag, 
without the Jieoessitj of further direct application of heat — a 
point of great importance for the preservation of the good 
quality of the steel. Every spot on which the powerful blows 
of the hammer rapidly descead, becomes red hot, and to the 
spectators the red glow of heat appears to run up and down 
the bar. This glow is produced by the blows of the hammer, 
and corresponds to au amount of heat sufficient to raise many 
pounds of water to the boiling point ; whilst the end of the 
bar heated in the fire ■vrould scarcely by itself raise to the 
same temperature as many ounces of water. 

According to the preceding views a precise connection 
exists between the blows of the hammer (the cause) and the 
heat produced (the effect) ; and natural philosophers have 
devised the most iagemous experiments to show this relation. 
The working power is in this ease converted into heat. If 
the view of Mayer be eoiiect, then should we by this amount 
of heat thus obtained, be able to reproduce the same amount 
of work, via., the same number of blows of the hammer. But 
a closer view of -the point shows that we i-equire to elevate 
the hammer, and that therefore its worting power was not 
inherent, but only lent to it. The hammer was elevated by a 
water-wheel set in miotion by a certain weight of water falling 
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on its tiucketa. Thus to raise a hammer weighing ten pounds 
to tlie height of one foot requires at least the fall of ten pouada 
weight of water irom a height of a foot. It was then, properly 
speaking, this weight of falling water which produced the 
heat through means of the hammer. By simply altering the 
arrangement of the maehiuery, the aame force would have 
caused a mill-atene to revolve ■with great rapidity on its axis, 
or raised by fi-iction two iron diets to a red heat. 

From experinacnts instituted te elucidate this point, it has 
been established that 13,500 blows of a hammer, weighing 10 
pounds, tailing on a bar of iron from a height of one foot, pro- 
duce an amount of heat suffleient to raise one pound of water 
from the freezing point te that of ebullition. This fact may 
be represented in another way by saying, that 1,350 cwts. of 
wafer, faUing from a height of one foot, will raise the tempei^ 
ature of 1 lb. of water from freezing te the boiling point ; or 
1,350 lbs. of water falling from the same height will raise one 
pound of water one degree in temperature, or in other words, 
that this amount of heat corresponds to a working power, 
capable of elevating 13^ cwt. to the height of one foot. 

Wherever motion is lost in a machine by friction or by 
concussion, there ia always produced a corresponding amount 
of heat. "WTien, on the other hand, a certain quantity of 
work is performed by heat, there disappears, with the me- 
chanical effect obtained, a certain amount of heat, which is 
expressed by saying that the heat lost by one pound of water 
in faUing one degree in temperature, is equal to the elevation 
of 13^ cwt. te the height of one foot. This quantity of heat 
becomes then the equivalent or value of the working power 
expressed by the above numbers. 

This constant relation between heat and mechanical mov&- 
^nent has been confirmed in the most varied manner. A rod 
of metal is extended by a weight, and on its removal resumes 
its original length, provided certain limits be not exceeded. 
The same effect is produced by heat ; and it is evident that 
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on equal force must be exerted by tbe rod ia its esteneion 
as in its contraction. Now, experiment baa sboivn that the 
relation expressed by tie nmjibei's above given, miiat exist 
between a given extension of a bar of iron, and tbe beat or 
■weigbt -whicb has caused tbat extension, viz., fbat a quantity 
of beat sufficient to raise a pound of ■water one degree m 
temperature, will, wben communicated to a bar of iron, en- 
able it to elevate a weight of 1,350 lbs. to tbe height of one 
foot. 

An interesting application of this fact was long ago made 
in the ConBervatoire des Arts et Metiers, in Paris. In this 
building, which was formerly a convent, the nave of the church 
was converted into a museum for industrial products, m.achines, 
and implements. In its arch, traversing its length, appeared 
a crack, which gradually increased to tbe width of several 
inches, and permitted the passage of rain and snow. The 
opening could easily tave been closed by stone and lime, but 
ibe yielding of the side walls woiiid not have been prevented 
by these means. The whoie building was on the point of 
being puLed down, when a natural plulosopber proposed the 
following plan, by whicb tbe object was accomplished. A 
number of strong iron rods were firnily fixed at one end to a 
side wall of the nave, aad after passing through the opposite 
wall were provided on the outside with large nuts, which 
were screwed up tightly to the wall. By applying burning 
straw to tlie tods, tbey extended in length. Tlie nuts by this 
extuuBion being now removKd several inches from the wall, 
were again icrewed tight to it. The rods on cooling con- 
tracted with enormous force, and made the lide walls ap- 
proach each other. By repeating the operation the crarlc 
eatirely disappeared. This building with its retaining rod? 
is still in pxistence. 

The working power of a maj'hiae, set in motion by elec- 
tricity, can be expressed by numbers, in the same way as the 
mechanical effect of heat. An electrical current is generated 
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by a rotating magnet or by solutioa of zinc in the galvanic 
battery. Suet a carrent, in circulating tbrougli a thick or 
thin wire, exhibits the same deportment as a fluid flowing 
through a wide or narrow tube. As a given quantity of fluid 
requires more time or greater pressure to pass through a nar- 
row tube than through a large, so a thin wire offers a greater 
resistance than a thick one to the passage of a current of elec- 
tricity. The current is thus retarded aad diminished, one 
portion only passing through the conductor, the other being 
converted into heat. According to the amount of heat thus 
produced by the conversion of the electricity, a condiicting 
wire of platinum can be fused, one of gold faaed and con- 
verted into vapour, and a considerable quantity of water 
brought into violent ebullition by passing the current through 
a thin platinum wire woimd round a glass tube in a spiral 

If the electrical current circulates through a ■wire wound 
spirally round a bar of iron, the latter is conTerted into a 
powerful magnet capable of attracting and caiTying several 
hundred weights of iron. The electrical is converted info the 
magnetic force, by which a machine may be set in motion. 
The power of attraction commnnicated to the iron bar is in 
exact proportion to tlie amount of electricity circulating in 
the surrounding wire, and this current is again dependent on 
the property of the conductor. That portion of electricity 
which in the conductor is converted into heat, produeeb no 
power of attraction in the iron bar. It follows, from the 
foregoing, that the quantity of electricity wliich cii'culates, of 
that which produces heat, and the amount of magnetic power 
convertible into working power, stand in the same relation to 
each other, as the working power produced in a machine by 
the pressure of falling water to the heat generated by friction 
and concussion in the same machine. The same amoxmt of 
electricity which, when converted into heat by the resistance 
of the conductor, raises by one degree tliu temperature of one 
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pound of water, geaerates a magnetic force capable of ele- 
vating a weight of IS^ cwt. to the height of one foot. 

If the metallic wire through which the electricity is cir~ 
culating, bo cut, and both cncls immersed in water, a chemical 
decomposition of the water into hydrogen and oxygen takes 
plaee. The circulating electricity is converted into chemical 
affinity, and into a power of attraction which causes the sep- 
aration of the elements of water. With the evolution of the 
hydrogen and oxygen all traces of the electrical current dis- 
appear. The power to produce heat and magnetic force, the 
usnal effects of the electrical current, is apparently in this 
case annihilated, and in its place we obtain two gases, one of 
which, hydrogen, when burned in oxygen, reproduces water 
and evolves heat. Now it has been proved, by careful ex- 
periments, that an electrical current of a given strength, 
which, when converted into heat in a conductor, is capable 
of raising the temperature of a pound of water by one degree, 
will produce by the decomposition of water a quantity of hy- 
drogen, by the combustion of which one pound of water can 
also bo elevated one degree in temperature. 

The heat and power of attraction which were apparently 
lost by the decomposition of the water, had only become 
latent, so to speak, in the elements of water. This heat is 
again set free on the reunion of these elements, and if eon- 
verted into working power, would produce the same result 
(viz., raising a given weight a foot high) as would have been 
effected by a magnetic power generated by a quantity of elec- 
tricity circulating romid a bar of iron, equal to that which 
was originally employed in the decompo'fition of the water. 

The electrical current is the consequence of a chemical 
action, and the amount of electricity which cu-culates can 
therefore be measured by the quantify of zinc which is dif^ 
solved. The chemical force (affinity) is converted by the 
solution of the zinc into a corrdponditig quantity of elec- 
tricity ; and this a^ain in the conductor inio its equivalent of 
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heat, or iuto magnetic forco, or, as in the case of tlie decom- 
position of water, into elicmical force. la no case is there a 
diminution or increase of force. If, according to the materi- 
aliat, matter is indestructible, the Bam.e holds good with regard 
to force. It is not extinguished ; its apparent annihilation, 
its disappearance, is only a conversion into some other form. 

We know now the origin of the heat and light which 
warm and illumiiiate our dwellings, of the heat and power 
generated in onr bodies by the vital process. Plants are the 
one source of all materials used for the production of heat 
and light, and of that nourishment which must he daily taken 
to maintain the phenomena of vitality. The elements of 
plants are earthy in their nature, and are obtained from 
water, earth, and air. In plants, certain inorganic com- 
pounds — carbonic acid, water, and ammonia — are decom- 
posed. The carbon of the carbonic acid, the hydrogen of 
the water, and the mtrogea of the ammonia, ai-e retained as 
constituents of tlieir organs, but the oxygen of the cai'bonio 
acid and of the water are retiu-aed as gas to the air. "With 
out light, however, plants cannot grow. 

The vital process in plants exhibits itself as directly oppo- 
site in its character to the chemical process in the formation 
of salts. 

Carbonic acid, -water, and zinc, when brought together pro- 
duce a certain effect on each other. In virtue of chemical 
affinity there issformed a white powdery compound, contaia- 
ing carbonic acid, zinc, and oxygen from the water, and 
hydrogen is at the same time evolved. 

In plants, the Uving bud or part of the plant takes the 
place of the zinc. By their growth are formed, from cwbonic 
acid and water, compounds containing carbon and hydrogen, 
or carbon and the elements of water, and oxygen is at the 
same time evolved. Sunlight acta in living plants like elec- 
tricity, which arrests the natural attraction of the elements of 
water, and separates them from each other. 
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Without tlie light of tlie sun plmta cinnot giOY, Tho 
living germ, tho green leaf, owl to the sun tlieii poner of 
transforming earthy elements into hvmg, vigoioua structures. 
Tho germ may, iadeed, he evolYed undei ground ■without the 
action of light, hut only when it bieahs through the sur&ee 
of the soil does it first acquire the power, by the sun's rays, 
of converting inorganic elements into its own structure. The 
illuminating and heating rays of the son, in thus bestowing 
life, lose their own Hght andheat. Their powernow becomes 
latent in the new products of the frame, which have be«n 
produced trader fheir influence from carbonic acid, water, and 
ammonia. The light and heat with, which our dwellings are 
illuminatod and warmed are but tbose bestowed by the sun. 

The food of men and animals consists of two classes of 
materials, wMch dififer totally in their nature. One class is 
destined to the production of blood and the maintenance of 
the structure of the body ; the other is similar in composition 
to ordinary materials for combustion. Sugar, starch, the 
gum of bread, may be regarded as transformed woody fibre, 
for wc can prepare them from this aiibstance. Fat, in its 
amount of carbon, resembles closely mineral coal. We heat 
our bodies as we do stoves, by combustibles which possess the 
same elements as wood and coal, but which differ essentially 
from them by being soluble in the fiuids of the body. 

The elements of nutrition from which the temperature of 
the body is derived, evidently produce no mechanical power ; 
because power is but converted heat, and the heat which 
maintaioa and elevates the temperatiwe of the body does not 
produce any other effect than that of warmth. 

All those meehamcal operations constantly taiing place ia 
the living body, in the movement of organs and limbs, are 
dependent on an accompanying change in the composition 
and properties of those Mghly complex sulphur and nitrogen 
constituents of the muscles, which, though furnished by the 
blood, are in the first instance derived directly from tlie food 
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of msm. The change of position iu the elements of these 
complex bodies, attendant on their rearrangement into new 
aad simpler compounds, necessarily gives rise to motion ; and 
the molecular movement of the particles in a state of change 
is transferred to the mnscular mass. Chemical action is thus 
evidently the source of mechanical power in hodies. 

The elements of the food of men and animals which give 
rise to power and heat, are produced in living plants only by 
tbe action of stmlight. The rays of the sun become latent, 
so to speak, in them in the same way as the current of elec- 
tricity becomes latent in the hydrogen by decomposition of 
water. 

Man. by food, not only maintains the perfect stractore of 
his body, but he daily lays in a store of power and heat, de- 
rived in the firit instance from the sun. This power and 
heat, latent for a time, reappears and again becomes active 
when the living structures are resolved by the vital processes 
into their original elements. 

The rays of the sun add daily to the store of indestructi- 
ble forces of our terrestrial body, maiataiuing life and motion. 
Thus, from beyond the limits of otir eariJi, the body, tbe more 
earthly vessel, derives all that may be called good in it, and 
of this not a single particle is ever lost. 
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WitiiAU BfNJAMiH OiOPENTEH, the eminent English phy^olt^iBti ■was 
bom in the early part of this centucy, and gi'adoated as doctor of medioins 
in Ediaburgh in 1889. He oocuQenoed praclioe in Bi^tol, but haa been 
chiefly occupied as a lecthrer and author. His most importaiit wocka are 
the "Principle oi Ganaral and Comparative Phy^ology" (1839), the 
" Ptindples of Human PhjBiology " (1846), which reached a fiith edition in 
18GS, and " The lEcrosfiope, its Ewelalions and Usea " (1856). He is the 
author of various minor, but valuable woiis, and of motiy elaborate papers 
in the ojolopedias and sdeatiflo periodicals. Fot many years ha was editor 
of the " British and For^gn Medico-Chinirgical Review." He was elected 
a member of the Eoyal Society in 184i, and is now Frofesisor of Medical 
Jailspmdence m Univep^ty College, London ; Lecturer on General Anatomy 
and Fbyaiology at tha London Hospital and School of Medicine, and Es. 
aminer in Physiology and Comparative Anatomy in the University of Lon- 
don. In X850 he published an able paper in the Transaotioi^ of the Eoyal 
Society on Iha "Mutual nelations of ^e "Vital and Physical Forces," and 
has publMied upon tlie same general subject, the essays which close this vol- 
ume, in the new Quarterly Journal of Science for the present year. Dr. Car- 
penter is an able and original thinker, as well as a voluminous writer, and has 
made mauy valuable contributions to the progress of physiological science. 
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ON THE COEKELATION OF THE PHYS- 
ICAL AND VITAL FORCES. 



IN every period of tlie histoiy of Physiology, attempts 
Lave been made to identify all the forces acting in the 
Living Body mth those operating in the Inorganic universe. 
Because muscular force, when brought to bear on the bones, 
moves them according to the mechanical laws of lever action, 
and because the propulsive power of the heart drives tLe 
blood through the vessels according to the rules of hydraulics, 
it has been imagined that the movements of living bodies may 
be explained on physical principles ; the most important con- 
sideration of all, namely, the source of that confractile power 
which the living muscle po^esses, but which the dead muscle 
(though having the same chemical composition) ia utterly in- 
capable of exerting, being altogether left out of view. So, 
again, because the digestive process, whereby food is reduced 
to a fit state for absorption, as well as tiie formation of va- 
rious products of the decomposition that is continually taking 
place in the living body, may be initiated in the laboiatory 
of the chemist ; it has been supposed that the appropriation 
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of the autriment to tlie production of the living organized 
tissues of which the several paits of the hody ore composed, 
18 to be regarded as a cliemieal action — ae if any combination 
of albumen and gelatine, fat and starch, salt and bone-earth, 
could make a living Man without the constructive agency in- 
herent in the germ from which his bodily fabric is evolved. 

Another class of reasoners have cut the knot which they 
could not untie, by attributing all the actions of living bodies 
for which Physics and Chemistry cannot account, to a hypo- 
thetical " Vital principle ;" a shadowy agency that does every 
tiling in its own way, but refuses to be made the subject of 
scientific examination ; like the " od-force " or the " spiritual 
power " to which the lovers of the marvellous are so fond of 
attributing the mysterious movements of turning and tilting , 
tables. 

A more scientific spirit, however, prevails among the best 
Physiologists of the present day ; who, whilst fully recogniz- 
ing the fact that many of the phenomena of living bodies can 
be accounted for by the agencies whose operation they trace 
in the world around, separate into a distinct categoiy — that 
of vital actions — such as appear to differ altogether in kind 
fi'om the phenomena of Physics and Chemistiy, and seek to 
determine, from the study of the conditions under which these 
present themselves, the Icms of their occurrence. 

In the prosecution of this inquiiy, the Physiologist will 
find it greatly to his advantage to adopt the method of philos- 
ophizing which distinguishes the Physical science of the pres- 
ent from that of the past generation ; that, namely, which, 
whilst fully accepting the logical definition of the came of any 
phenomenon, as " the antecedent, or the concurrence of ante- 
cedents on which it is invaiiably and unconditionally conse- 
quent" (Mill), draws a distinction between the dynamdcal 
and the material conditions ; the foi-mer supplying the power 
which docs the work, whilst the latter affords the ii 
means through whicii that power o 
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Thus if we inspect a Cotton Factory in full action, we find 
it to contaia a vast number of machines, many of them but 
repetitions of one another, but many, too, presenting the most 
marked diversities in construction, m operation, and in result- 
ant products. "We see, for example, that one is supplied with 
the raw material, which it cleans and dresses ; that another 
receives the cotton thus prepared, and ' cards" it so as to lay 
its fibres in such an ariangemont as may admit of its being 
spun ; that another series, taking up the ^oduct supplied by 
the carding machine, twists and draws it out into threads of 
various degrees of fineness ; and that this thread, earned into 
a fourth set of machines, is woven into a fabric which may 
be either plain or variously figured according to the construc- 
tion of the loom. In every one of these dissimilar operations 
the fores which is immediately concerned in bringing about the 
results is one aud the same ; and the variety of its products is 
dependent solely tipon the diversity of the material instru- 
ments through which it operates. Tet these arrangnments, 
however skilfully devised, are utterly valueless without the 
force which brings them into play. All the elaborate mechan- 
ism^ the triumph of htiman ingenuity in devising, and of skill 
in constructing, is as powerless as a corpse without the vii 
viva which alone can animate it. The giant stroke of the 
steam-BUgine, or the majestic revolution of the water-wheel 
givei the required impulse ; and the vast apparatus which 
was the moment previously in a state of death-like inactivity, 
is aroused to aU the energy of its wondrous life — every part 
of its complex organization taking upon itself its peculiar 
mode of activity, and evolving its own special product, in vir- 
tue of the share it receives of the one general force distrib- 
uted through the entire a^regate of machinery. 

But if we carry back our investigation a stage fmihei', and 
inquire into the origin of the force supplied by the steam- 
engine or the watei^wheel, we soon meet with a new and 
most significant fact. At our first stage, it is true, we find 
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only tho game mechanical force acting through a different 
kind of instrumentality; the strokes of the piston of the 
steam-engine being dependent Bpoa the elastic force of the 
vapour of water, whilst the revolution of the water-wheel ia 
maintained by the downward impetus of water en masse. 
But to what antecedent dynamical agency can we trace these 
forces ? That agency in each case ia Heat ; a force altogether 
dissimilar in its ordinary manifestations to tlie force which 
produces sensible motion, yet capable of being in turn con- 
verted into it and generated by it. For it is trom the Heat 
applied beneath the boiler of the steam-engine that the non- 
elaatic liquid contained in it deiives all that potency as elastic 
vapour, which enables it to overcome the vast mechanical re- 
sistance that is set in opposition to it. And, in like manner, 
it is the heat of the solar rays which pumps up tcrresfrial 
waters in the shape of vapouv, and thus supplies to Man a 
perrenial source of new power in their descent by the force 
of gravity to the level from which they have been raised.*^ 

The power of the steam-engine, indeed, is itseif derived 
more remotely from those same rays ; for the Heat applied 
to its boilers is but the espression of the chemical change in- 
volved in combustion ; that combustion is sustained either by 
the wood which is the product of the vegetative activity of 
the present day, or by the coal which represents the vegeta- 
tive life of a remote geological epoch ; and that vegetative 
activity, whether present or past, represents an equivalent 
amount of Solar Light and Heat, used up in the decomposi- 
tion of the carbonic acid of the atmosphere, by the instru- 
mentality of the growing plant.f Thus in either case we 
come, directly or indirectly, to Solar EadialioU as the main- 

* Sea on tliis subject the recent admirable acldreas of Sir William Arin- 
Btrong at the Meeting of the BiiUah Assodatiim at Newcastle. 

■f This was diseemed by the geniua of Geoi^e Stephenson, before tha 
general doctrine of the Correlation of Forces had been ^ven to the worW 
bj Mayer end Grove. 
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spring of our mechanical power ; the vis viva of our whole 
niicrocosm. Modem, physical inquiry ventures even one step 
further, and seeta the source of Light and Heat of the Sun 
ifaelf. Are these, as formerly supposed, the result of com- 
bustion, or are they, as surmised by Mayer and Thomson, 
the expression of the motive power continually generated in 
the fiiU of aSrolites towards the Sun, and as continually anni- 
hilated by their impact on its surface? Leaving the discus- 
sion of this question to Physical Philosophers, 1 proceed now 
to my own proper subject. 

It is now about tweniy years since Dr. Mayer first broadly 
annoxmced, in all its generality, the great principle now known 
as that of " Conservation of Force ;" as a necessary deduc- 
tion from two axioms or essential trutf^ — ex niMlo nil ft, and 
ml fit ad mhUvm — the validity of which no true philosopher 
would ever have theoretically questioned, but of which he 
was (in my jtidgment) the first to appreciate the full practical 
bearing. Thanks to tbe labours of Faraday, Grove, Joule, 
Thomson, and Tyndall, to say nothing of those of Hehnholtz 
and other distinguished Continental savana, the great doctrine 
expressed by the term "Conservation of Force" is now 
amount the bes^established generalizations of Physical Sci- 
ence ; and every thoughtftd Physiologist must desire to see 
the same course of inquiry thoroughly pursued in regard to 
the phenomena of living bodies. This ground was first broken 
by Dr. Mayer in his remarkable treatise, " Die Organische 
Bewegung in ihrem Znsammenhange mit dem Stofiwechsel" 
(" On Organic Movement in its relation to Material Change," 
Heilbronn, 1845) ; in which he distinctly set forth the prinei- 
ple^that the som'Ce of all changes in the living Organism, 
animal aa well as vegetable, lies in the forces acting upon it 
from withovi! whilst the changes in its own composition 
brought about by these agencies, he considers to be the imme- 
diate source of the forces which ai-e generated by it. 

In treating of these forces, however, he dwells chiefly on 
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the production of Motior, Heat, Light, and Eleetiieity by 
living bodies ; toucHng more slightly upon the phenomena of 
Growth and Development, which constitute, in the eye of the 
physiologist, the distinct province of vitality. In a memoir 
of my own, " On the Mutual Kelationa of the Vital and Phys- 
ical Forces," published in the Philosophical Transactions for 
1850,* I aimed to show that the general doctrine of the " Coi> 
relation of the Physical Forces" propounded by Mr. Gi-ove, 
was equaUy applicable to those Vital forces which must be 
assumed as the mo^Tng powers iu the prodaction of purely 
physiological phenomena; these forces being generated ia 
living bodies by the transformation of the Light, Heat, and 
Chemical Action supplied by the world around, and being 
given back to it again, either dtiring their life, or after ite 
cessation, chiefly in Motion and Heat, but also to a less de- 
gree in Light and Electricity. This memoir attracted but 
little attention at the time, being regarded, I believe, as too 
speculative ; but I have since had abundant evidence fiat the 
minds of thoughtful Physiologists, as weU as Ph * isl ar 
moving in the same direction ; and as' the progr f nee 
since the publication of my former memoir, w il 1 1 1 m 
to present some parts of my scheme of doctrine n a d ff ot 
form,t I venture to bring it again before the ] bl n h 
form of a sketch (I claim for it no other title), f th a p t 
in which the application of the principle of the " Conserve 
tion of Force " to Physiology now presents itself to mj mm 1 

" At tbis date the labours of T)e. Mayer were not known h to nj 
self or (so tar as I am anaco) to any ona else in tliia eoimirj s tb the late 
Dr, Baly, who a few mouths after th.e publication of my Memo placed m 
mj bsnds iha pampMet, " Die Ocgamsobe Bewegimg ; " to b ch I took the 
earliest opportnnitj in my power of drawing public atteulion m. " The Brit- 
ish and Foreign Medioo-Ohiruisioal Review " for July, 18S1, p. 237. 

-f I have espedallj- profited by a Memoir on the porrolalJon of Physical, 
faieinieal, and Tital Force, ajid tha Couservation of Force in Vital Phouom- 
eoa, by Pro£ Le Conte (of Soutli CaroUao College), in Saiiman's Ameiican 
Journal for Nov., I86B, reprinted in the Philoaophical Magaoiie for 1860. 
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If, ia the first pla«e, we inquire what it is that essentially 
diatingnishes Vital from every kind of Physical activity, we 
find this distinction most charact«ristically expressed in the 
fact that a gei-m endowed with Life, developea itself into an 
organism of a type reseaabling that of its parent ; that this 
organism is the subject of incessant changes, which all tend 
m th lir t pi ce to the evolution of its typical fonn, aad suh- 
^u ntlj to a maintenance in that form, notwithstanding the 
nt msm f Chemical and Physical agencies, which ai-o 
nt n II7 t nding to pi-odttce its disintegration ; but that, as 
f t m f xistence is prolonged, its conservative power dc- 
Im f become less and less able to resist these disinte- 

grating forces, to which it finaUy succumbs, leaving the organ- 
ism to be resolved by their agency into the components from 
which its materials were originally drawn. The history of a 
liviag organism, then, is one of incessant change; and the 
conditions of this change are to be found partly in the organ- 
ism itself, aud partly in the external agencies to which it is 
subjected. That condition which is inherent in the organism, 
being derived hereditarily from its progemtors, may be con- 
veniently termed its jerminol capacity; its parallel in the in- 
organic world being that fundamental difierence in properties 
which constitutes the distinction between one substonce, 
whether elementary or compound, and another ; in virtue of 
which each " behaves " in its own characteristic manner when 
subjected to new conditions. 

Thus, although there may be nothing in the aspect or sen- 
sible properties of the germ of a Polype, to distinguish from 
that of a Maa, we find that eadi develops itself, if the requi- 
site conditions be supplied, into its ■typical form, and no other; 
if the developmental conditions required by either be not sup- 
plied we do not find a different type evolved, but no evolution 
at all takes place* 

* It is quite true tiisit among oertjuu of tJic lower tribes, both of Plants 
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Now tiie difference between a being of Mgh and a teing 
of low organization essentially consists in this : tliat in the 
latter the eonslitiient parts of the fahric evolved by the pro- 
cess of growth from the original germ, are similar to each 
other in structwre and endowments, whilst in the former they 
are progressively differentiated with the advance of develop- 
ment, so that the fabric comes at last to consist of a number 
of organs, or instruments,' more or less dissimilar in struc- 
ture, composition, and endowments. Thus ia tlie lowest 
forms of Vegetable life, the primordial germ multiplies itself 
by duplicative subdivision into an apparently unlimited num- 
ber of eellfi, each of them similar to every other, and capa- 
ble of msuntaining its existence independently of them. And 
in that lowest Ithiaopod type, of Animal life, the knowledge 
of which is among the most remai'kable fruits of modem bio- 
logical research, " the Physiologist hs^ a case in which those 
vital operations which he is elsewhere accustomed to see car- 
ried oa by an elaborate apparatus, are performed without any 
special instruments whatever ; a little pai'ticle of apparently 
homogeneous jelly changing itself into a greater variety of 
forma than the fabled Proteus, laying hold of its food without 
members, swallowing it without a mouth, digesting it without 
a stomach, appropriating its nutritions material without absorb- 
ent vessels or a circulating system, moving from place to place 
without muscles, feeling (if it has any power to do so) with- 
out nerves, propagating itself withont genital apparatus, and 

and Animals, especially the Mingi and Ealo^oa — amilar genus may devel- 
op themselvea into very disaimilar fbrms, according to tlia eonditions nn- 
dei' KUch they ute evolved ; 1mt ench direralties are only the same kind as 
those wMoh majufeat ihemselves among wMviduah in the Mgher Plants and 
Animals, and onl; show that in the types in qaeslion there is a less close 
conftmnify to one pattern. Neither in these groups, nor in that gi'oup of 
Foramiiiifera, in which I have been led to regard the range of variation 
as pecnllarly great, does any tendency evei' show itself to the iigaumption 
of the characters of any group fundiuneiitully diasimilai'. 
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aot only tJiis, but in many instances forming shelly coTerings 
of a symmetry and complexity not surpassed by those of any 
testaceous animala,"* whilst the mere separation of a frag- 
ment of this jelly is sufficient to originate a new and inde- 
pendent organism, so that any number of these beings may 
be produced by the successive detachment of such particles 
from a single Ehizopod, ea^h of them retaining (so far as we 
have at present the means of knowing) the characteristic en- 
dowments of the stock from ■which it was an offset. 

When, oa the other hand, we watch the evolution of any 
of the higher types of Organization, whether vegetable or 
animal, we observe that althoi^h in the first instance the pri- 
mordial cell multiplies itself by duplicative subdivision into 
an aggregation of cells, which are apparently but lepetitions 
of itself and of each other, this homogeneous extension has 
in each case a definite limit, speedOy giving place to a struc- 
tural differentiation, which becomes more and more decided 
with the progress of development, imtil in that most hetero- 
geneous of £ill types — the Human Organism — no two parts are 
precisely identical, except those which correspond to each 
other on the opposite sides of the body. With this structural 
differentiation is associated a corresponding differentiation of 
function ; for whilst in the life of the most highly developed 
and complex organism we witness no act which is not fore- 
shadowed, however vaguely, in that of the lowest and sim- 
plest, yet we observe in it that same " division of labour" 
which constitutes the essential characteristic of the highest 
grade of civilization. For, in what may be termed the ele- 
mentary form of Human Society, in which every individual 
relies upon himself alone for the supply of all his wants, no 
greater result can be obtained by the aggregate action of the 
entire community than its mere maintenance ; but as each in- 

* See tlifl Author's Introduc^on ta tlie Study of tlio Forsmiuifera, pub- 
lished by the Ray Society, 1862 ; TrcMie, p. vii. 
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dividual edects a special mode of activity for himself, and 
aims at improvemeat in that specialty, he finds himself attain- 
ing a higher and still higher degree of aptitude for it ; and 
this specialiaation tends to increase aa opportanities arise for 
new modea of activity, until that complex fabric is evolved 
which constitutes the most developed form of the Social State 
wherein every individual finds the work — omental or bodily — 
for which he is best fitted, and in which he may reach the 
highest attainable perfection ; while the mutual dependence 
of the whole (which is the necessary result of this specializa- 
tion, of parts) is such that every individual works for the 
benefit of all his fellows, as well as for his own. As it is 
only in such a state of society that the greatest triumphs of 
human ability become possible, so is it only in the most dif- 
ferentiated types of Organization that Vital Activity can pre- 
sent its highest manifestations. In the one case, as ia the 
othei', does the result depend upon a process of gradual devel- 
opment, in which, under the influence of agencies whose na- 
ture constitutes a proper object of scientific inquiry, that most 
general form in which the fabric — whether corporeal or social 
^Hjriginates, evolves itself into that most special in which its 
development culminates. 

But notwithstanding the wonderful diversify of structure 
and of endowments which we meet with in the study of any 
complex Organism, we encoimter a harmonious imity or coor- 
dination in its entire aggregate of actions, which is yot more 
wonderful. It is in this harmony or coordination, whose ten- 
dency is to the conservation of the orginism, that the state of 
Health or Normal life essentially consists And the moie 
profound our investigations of its conditions, the more definite 
becomes the condusion to which we aie led by the itudv of 
them — that it is fund mentally hisel on the common oiigm 
of aU these diversifae 1 pa ts m the same ^e m the vit il en- 
dowments of which e j ally liS e 1 tl on I o t the entire 
fabric in those low st f of or ml n 1 h c-\(.r\ 
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part is but a repetition of every other, a 

tlie higliest amongst a variety of organs, acquiring iu virtue 

of this differentiation a much greater intensity. 

Thus, then, we may talie that mode of Vital Activity 
which manifests itself in the evolution of the germ into the 
complete organism repeating the type of its parent, and the 
subsequent mainteoance of that organism in its integrity, in 
the one case as in the other, at the expense of materials de- 
rived from external sources — as the most universal and most 
fundamental characteristic of Life ; and ive have now to con- 
sider the nature and source of the Force or Power by which 
that evolution is brought about. The prevalent opinion has 
uatil lately been, that this power is inherent in the germ ; 
which has been supposed to derive from its parent not merely 
its material substance, but a nisus fonnativus, hildungslrieh, 
or ge^-m force, in virtue of which it buUds itseF up into the 
likeness of its parent, and maintains itself in that likeness 
until the force is exhausted, at the same time imparting a 
fraction of it to each of its progeny. In this mode of vieiv- 
ing the subject, all the organizing force required to build up 
an Oak or a Pahn, an Elephant or a Whale, must be concen- 
trated in a minute particle, only discernible by microscopic 
aid, and the aggregate of all the germ-forces appertaining to 
the descendants, however numerous, of a common parentage, 
must have existed in their original progenitors. Thus in the 
case of the successive viviparous broods of Aphides, a germ- 
foi ce capable of organizing a mass of living structure, which 
would amount (it has been calculated)* in the tentii brood 
ifl the bulk of five hundred millions of stout men, must have 
been shut up in the single individual, weighing perhaps the 
1-lOOOth of a grain, fi.-om which the first brood was evolved. 
And in like manner, the germ-force which has organized the 

* See Prof. Haalej- on the " Agamic Reproductioa of Apliis," ia Liiiii. 
Trans., vol. xiii., p. 315. 



...Coogic 



412 OOEEBLATION OF PHYSICAL AND TITAL FORCES, 

bodies of all tlio individual men tliat haye lived from Adam 
to the present day, must have been concentrated in tlie body 
of tlieir comm.oa .ancestor. A more complete reductio ad ab- 
swrdtim can scarcely be brought against any hypothesis ; and 
we may consider it proved that in aome way or other, &esh 
organizing force is constantly being suppHed from wWhoiit 
during tlie whole period of the exercise of its activity. 

When we look carefully into the question, however, we 
find that what the germ, really supplies is not the force, but 
the dkecHve agency ; thus rather resembling the control exer- 
cised by the superintendent builder, who is cliarged with 
working out tlie design of tlie aichitcot, than the bo-ilily force 
of the workmen who labour under his guidance in Uie eon- 
stmction of the fabric' The actual constructive force, as we 
learn from an extensive stirvey of tlie phenomena of life, is 
supplied by Heat, the influence of which upon the rate of 
growth and development, both animal and vegetable, is so 
marked as to have univeraally attracted the attention of Phys- 
iologists, who, however, have for the most part only recognized 
in it a vital stimulus that calls forth the latent power of the 
germ, instead of looking upon it as itself furnishing the power 
that does tbe work. It has been from the narrow limitation 
of the area over which physiological research has been com- 
monly prosecuted, that the intimacy of this relationship be- 
tween Heat and the Organizing force has not sooner become 
apparent. Whilst the vital phenomena of Warm-blooded ani- 
mals, which possess within themselves the means of main- 
taining a constant temperatiu'e, were made the sole, or at any 
rate the chief objects of study, it was not likely tliat the in- 
qnirer would recogmze the full influence of external heat in 
accelerating, or of cold in retarding their fonotional activity. 
It is only when the survey is extended to Cold-blooded ani- 
mals and to Plants, that the immediate and direct relation be- 
tween Heat and Vital Activity, as manifested in the rate of 
growth and development, or of other changes peculiar to the 
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liTing liody, ia vmmistakably mftuifested. To some (if those 
phenoracTia, whicli afford the best ilkistratioas of the mods 
in which Heat acts upon the liviag organium, attention will 
now be directed. 

Commencing witli the Vegetable kingdom, we find that the 
operation of Heat as the motive power or dynamical agency, 
to which the phenomena of growth and development are to he 
referred; is peculiarly well seen in the process of Grermina- 
tion. The seed consists of an embryo which has abeady ad- 
vanced to a certain stage of development, and of a store of 
nutriment laid up as the material for its further evolution ; 
aad in the fa«t that this evolution ia carried on at the expense 
of organic compounds already prepared by extrinsic agency, 
until (the atore of these being exhausted) the young plant ia 
aufficiently far advanced in its development to be able to elab- 
orate them for itself, the condition of the germinating embryo 
resembles that of an Animal. Now, the seed may remain 
(onder favom'able circumstances) in a state of absolute inac- 
tion during an uulimited period. If secluded from the free 
access of air and moisture, and kept at a low temperature, it 
is removed from all influences that would on flie one hand 
occasion its disintegration, or on the other, would call it into 
active life. But when again exposed to air and moisture, and 
subjected to a higher temperature, it either germinates or de- 
cays, aeeording as the embryo it contains has or has not pre- 
served its vital endowments — a question which only experi- 
raent can resolve. The process of germination is by no means 
a simple one. The nutriment stored up in the seed is ia great 
pai-t in the condition of insoluble starch ; and this must be 
brought into a soluble form before it can be appropriated by 
the embryo. The metamorphosis is effected by the agency of 
a ferment termed diastase, which is laid iip in the immediate 
neighbourhood of the embryo, and which, when brought to 
act on starch, converts it in the first instance into soluble des:- 
trine, and then {if its action be continued) into sugar. The 
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doxtriae and sugar, combined with the albuminous and oily 
compounds also stored up iu the seed, form the ' ' protoplasm," 
which is the substance immediately supplied to the young 
plant as the material of its tissues ; and the conversion of this 
protoplasm into various forms of organized tissue, wiiich be- 
come more and more differentiated as development advances, 
is obviously referable to the vital activity of the germ. Now 
it can be very easily shown experimentally tliat the rtrie of 
growth in the germinating embryo is so closely related (witMn 
eertaiii limits) to the amount of heat supplied, as to place its 
dependence on that agency beyond reasonable qiiestion : so 
that we seem fully entitled to eay that Heat, acting through 
the germ, supplies the constructive force or power by which the 
Vegetable fabric is built up.* But there appears to be another 
source of that power in the seed itself. In the conversion of 
the insoluble starch of the seed into sugar, and probably also 
in a further metamorphosis of a part of that sugar, a, large 
quantity of carbon is eliminated from the seed by combining 
with the oxygen of the air, so as to form carbonic acid ; this 
combination is necessarily attended with a disengagement of 
heat, which becomes very sensible when (as in molting) a 
large number of germinating seeds are aggregated together ; 
and it cannot but be regarded as probable tliat tlie heat thus 
evolved within the seed concurs with that derived from with- 
otit, in supplying to the germ the force that promotes its evo- 
lution. 

« The effect of Heat is doubtless manifested very differently by differ- 
ent eeeda ; such variations being partly ^djic, partly inMmdiud. But 
these are no greater thfui we sea in the inorgonic irorld : tlie increment of 
temperatm^ and iJie ai^;mentalion of bulk exbibited by difi'erent euhstances 
ivlien subjected to the same absolute measure of heat, beiug as diyerse as 
the Biibstimces tbenselves. The whole proeesa of " Malting," it may bo 
remarked, is baaed on the regularity with wMob the seeds of ft particulai' 
epetaes may be at any Ijme forced to a deSnita rate of germination by a 
deSuite increment of temperature. 
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Tho condition of tte Plant wliieli lias attained a mo e d 
vaaced stage of its development, differs from that f the ge 
minating embryo essentially in tliis particular, that the o gan e 
compounds which it requires as the materials of the extension 
of tlie fabric are formed by itself, instead of being s i pi e 1 to 
it from Triihont. The tissues of the coloured surfat«s of the 
loaves and stems, when acted on by light, have the peculiar 
power of generating — at the expense of carbonic add, water, 
and ammonia — various ternary and quaternary organic com- 
pounds, such as chlorophyll, starch, oil, aad alhumea ; and of 
the compounds thus generated, some are appropriated by the 
constructive force of the plant (derived fiwm the heat with 
which it is supplied) to the formation of new tissues ; whilst 
others are stored up in'the cavities of those tissues, where 
they ultimately serve either for the evolution of parts subse- 
quently developed, or for tbe nutrition of animals which em- 
ploy them as food. Of the source of those pecaliar affimties 
by which the components of the starch, albamen, &c., are 
brougbt together, we have no right to speak confidently ; but 
looting to the fa«t that these compounds are not produced in 
any case by the direct union of their elements, and that a de- 
eompoaition of binary compounds seems to be a necessary 
antecedent of their formation, it is scarcely improbable that, 
as suggested by Prof. Le Conte (op. cit.}, that source is to be 
fotmd in the chemical forces set free in the preliminary act of 
decomposition, in which the elements would be liberated in 
that " nascent condition" which is well known to be one of 
pecuHar energy. 

The influence of Light, then, upon Vegetable organism ap- 
pears to be essentially exerted in bringing about what may ho 
considei-ed a higher mode of chemical combination between 
oxygen, hydrogen, and carbon, with the addition of nitrogen 
in certain cases ; and there is no evidence that it extends be- 
yond this. That the appropriation of the materials thus pre- 
pared, and their conversion into organized tissue in the operas 
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tions of growth aacl developmont, are dependent on. fhe agency 
of Heat, is juat as evideat in the stage of maturity as ia that 
of germination. And there is reason to believe, further, tliat 
an additional source of organizing force is to be found in the 
retrograde metamorphosis of orgajiic compounda that goes oa 
during the whole life of the plant ; of which raetamorphosia 
the expression is furnished by the production of carhonic acid. 
This is peculiarly remarkable in the ease of the Fungi, -which, 
being incapable of forming new compounds under die influ- 
ence of liglit, are entirely supported by the organic matters 
they absord, and which in this respect correspond on the one 
hand with Uie germinating embiyo, and on the other with 
Animals. Such a decomposition of a portion of tlie absorbed 
material is the only conceivable source of ihe large quantity 
of carbonic acid they are constantly giving out ; and it would 
not seena unlikely that the force supplied by this retrograde 
metamorphosis of the superfluous components of their food, 
which fall down (so to speak) irom the elevated plane of " prox- 
imate principles," to the lower level of comparatively simple 
binary compoimds, supplies a force which raises another por- 
tion to the tank of living tissue, thus accounting ia some de- 
gree for the very rapid growlii for which this tribe of Plants 
is so remarkable. This exhalation of cai-bonic acid, however, 
is not peculiar to Eungi and germinating embryos, for it takes 
place during the whole life of flowering plants, both by day 
and by nigit, in sunshine and in shade, and from their green 
as well as from their dark aurfiices ; and it is not improbable 
that, as in the case of the Fungi, its source lies partly in the 
organic matters absorbed, recent investigations * having ren- 
dered it probable that Plants really take up and assimilate 
soluble hunius, which, being a more highly carbonized sub- 
stance than starch, dextrine, or cellalose, can only be con- 

a of Humus," ia 
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perted into componDds of the latter tind by parting with soma 
of its carhon. But it may also take place at the expense of 
compounds preidoiiely generated by the plant iteelf, and stored 
up itt its tissues ; of idiicii we seem to have an example in 
the unusual production of carbonic acid which tates place at 
the period of flowering, especially in aucli plants as liave a 
fleshy disk, or receptacle containing a large quantity of starch ; 
and thus, it may be surmised, an extra supply of force is pro- 
vided for the maturation of those generative products whose 
preparation seems to be the Iiighest expression of the vital 
power of the vegetable organism. 

The entire aggregate of organic compounds contained in 
the vegetable tissues, then, may be considered as the expres- 
sion, not merely of a certain amount of the material elements, 
oxygen, hydrogen, carbon, and nitrogen, derived (directly or 
indirectly) from the water, carbonic acid, and ammonia of the 
atmosphere, but also of a certain amoimt of fm-ce wMch has 
been exerted in raising these from the lower plane of simple 
binary compounds, to the higher level of complex, " proxi- 
mate principles ;" whilst the portion of these actually converted 
into organized tissue may be considered as the espression of 
a further measuie of foiee, which, acting under the directive 
agency of the germ, has wrved to bmld up the fabiic ra it^ 
characteristic type This eonshruttte iLtion goes on during 
the whole Life of the Raiit, which eisenfially maniiesfs itself 
either in the extension of the original fibiic (to which m 
niany instances there seems no deteiminate limit), oi in the 
production of the germs of new and independent organisms 
It is interesting to remark that the development oi the moia 
permanent parts m'volvesthe successional decay and rene>\al 
of parts whose existence is temporary The " fall of the 
leaf" ia the effect, not the cause, of the cessation of thit pe- 
culiai" functional actnity of its tissue'*, "nhicli (.onsists m the 
elaboration of the nutritive material required for the produc- 
tion of wood. And it would seem as if the duration of theii 
18« 
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esisteace stands in an isTcrso ratio to ihs energy of their ac- 
tion; the leaves of "evergreens," which are not cast off imtil 
the appearance of a new succession, effecting their functional 
changes at a ranch less rapid rate than do those of " deci- 
duous" trees, whose term of life is far more brief. 

Thus, the final cause or purpose of &g whole Vital Activ- 
ity of the Plant, so far as the individual is concerned, is to 
produce aa indeflnite extension of tlia dense, woody, almost 
inert, hnt permanent portions of the fabric, fey the suecessional 
development, decay, and renewal of the soft, active, and tran- 
sitory cellular parenchyma ; and according to the principles 
already stated, the descent of a portion of the materials of the 
latter to the condition of binary compounds, which is mani- 
fested in the largely-increased exhalation of carbonic acid 
that takes place from the leaves in the later part of the sea- 
son, comes to the aid of external Heat in supplying the force 
by which another portion of those materials is raised to the 
condition of organized tissue. The vital activity of the 
Plant, however, is further manffested ia the provision made 
for tlie propagation of its race, by the production of the 
germs of new individuals ; and here, again, we observe that 
whilst a higher temperature is usually required for the devel- 
opment of the flower, and the maturation of the seed, than 
that which suffices to sustain the ordinary processes of vege- 
tation, a special provision appears to be made in some in- 
stances for the evolution of force in the sexual apparatus it- 
seff, by the retrograde metamorphosis of a portion of the oi-- 
ganic compounds prepared by the previous nutritive opera- 
tions. This seems the nearest approach presented in the 
Vegetable organism, to what we shall iind to be an ordinary 
mode of activity in tlie Animal. That the performance of 
the generative act involves an extraordinary expenditui-e of 
vital force appears from this remarkable fact, that blossoms 
which wither and die as soon as the ovules have been fertil- 
ized, may he kept fresh for a long period if fertilization be 
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The decay wliich is contimiallj' going oa during the life 
of a Plaat restores to the inorganic world, in the form of car 
bonic acid, water, and ammonia, a part of the materials drawn 
from it in tiie act of Yegetation ; and a reservation being made 
of those vegetable products which are consumed as food bj 
AnLmala, or which are preserved. (like timber, flax, cotton, 
&,• ) m a state of permanence, the various forms of decom- 
position w huh take place after death complete that restora- 
tion But in returning, however slowly, to the condition of 
watei, ciibonic acid, ammonia, &c., the constituents of 
Pl<uits give forth an amount of heat equivalent to that which 
they would generate by the process of ordinary combustion ; 
aad thus they restore to the inorganic world, not only the nitt- 
terials, but the forces, at the expense of which the vegetable 
fabric was constructed. It is for the most part only in the 
humblest Plants, and in a particular phase of their lives, that 
Bueh a restoration taies place in the form of 'motion, this mo- 
tion being, like growth and development, an expression of the 
vital activity of the " Zoospores" of Algce, and being ob- 
viously intended for their dispersion. 

Hence we seem justified in affirming that the Correlation 
between heat and the organizing force of Plants is not less 
intimate than that which exists between heat and motion. 
The special attribute of- the vegetable germ is its power of 
utilizing, after its own particulai- fashion, the heat which if 
receives, and of applying it as a constructive power to the 
building-up of its fabric after its cliaracteristic type. 
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Those of our readers who a«compaBied us tlirougli the 
first part .of our inqniry are aware that it was our object to 
sliow, that aa force is never lod in the inorganic world, so 
force is never oreated in the organic ; but that those various 
operalioas of vegetable life which are sometimes vaguely 
attribut«dto the agency of an occalt "vital principle," and 
are referred by more exact thinkers to certain Vital Forces 
inherent in the organism of the plant, are really sustained by 
solar light and beat. These, we have ai-gued, supply to 
each germ the whole foiaer by which it builds itself tip, at the 
expense of the materials it draws from the Inorganic Uni- 
verse, into the complete organism ; while the mode in which 
that power is exerted (generally as vital force, ^edcdly as 
the determining cause of the form peculiar to eadi type) de- 
pends upon the "germinal eapfwiity" or directive agency inher- 
ent in each pariicnlar germ. The^rsi stage in this construc- 
tive operation consists in the prodwetion of certain organic 
compounds of a purely chemical nature — such as gum, starch, 
sugar, chlorophyll, oil, and albnmen-r-at the expense of the 
oxygen, hydrogen, carbon, and nitrogen derived from the 
water, carbonic acid, and ammonia of the atmosphere ; 
whilst the second consists in tlie fortlier elevation of a portion 
of these organic compounda to the rank of organized tisane 
possessing aUributes distinctively vital. Of tlie whole amount 
of organic componnife generated by the plant, it is hut a 
comparatively small part (a.) that undergoes this progressive 
metamorphosis into living tissue. Another small proportion 
(6) undergoes a Tetrograde metamorphosis, by which the orig- 
inal binary components are reproduced ; and in ttis descent 
of organic compounds to the lower plane, the power eon- 
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aamed m their elcTatioii is given fortli in tlie form of lieai 
and organizing force (as is specially seen in germination), 
which help to raise the portion a to a higher level. But by 
far the larger part (c) of the organic compounds generated 
by plants remains stored up in their fabric, without undergo- 
ing any further elevation ; and it is at the expense of these, 
rather than of the actual tissues of plants, that the life of 
animals is sustained. ' ' 

"When, instead of yielding up any portion of its substance 
for the sustenance of aniroals, the entire vegetable organism 
undergoes retrograde metamorphosis, it not only gives back 
to the inorganic world the binary compounds from which it 
derived its own constituents, but in the descent of the several 
components of its fabric to that simple condition — whether by 
ordinary combustion (as in the burning of coal) or by slow 
decay — it gives out the equivalents of the light and heat by 
"which they were elevated in the first instance. 

In applying these views to the interpretation of the phe 
uoraena of animal life, vve find ourselves, at the commence- 
ment of our inquiry, on a higher platform (so to speak) than 
that from whicli we had to ascend in watching the consti'uc- 
live processes of the plant. For, whilst the plant had first 
to prepare the ^abulvm for its developmental operations, the 
animal has this already provided for it, not only at the ear- 
liest phase of its development, but during the whole period 
of its existence ; and all its manifestations of vital activity 
are dependent xipon a constant and adequate supply of the 
same pabrdmii. The first of these manifestations is, as in the 
plant, the buildiag-up of the organism by the appropriation 
of material supplied from external sources under the directive 
agency of the germ. The ovum of the aninal, like the seed 
of the plant, contains a store of appropriate nutriment pre- 
viously elaborated by the parent ; and this store suffices for 
the development of tlie embryo, wp to the period at which it 
can obtain and digest alimentary materials for itself. That 
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period occurs, in the different triljea of animals, at very dis- 
similar stages of tlie enfire deYclopmental process. In many 
of the lower classes, the embryo comes forth from the e^, 
and commences its independent existence, in a condition 
ivliieh, as compared with the adult form, -would be as if a 
human embryo were to be throivn iipon the world to obtain 
its own subsistence only a few weeks after conception ; and ila 
whole subsequent growth and development takes place at the 
expense of the nutriment which it ingests for itself, 

We have examples of this in the class of insects, many of 
which come fortla from the egg in the state of extremely simple 
and miaute worms, having scarcely any power of movement, 
but an extraordinary voracity. The eggs having been depos- 
ited in situations fitted to afford an ample supply of appropriate 
nutrimeat (those of the flesh-fly, for example, being laid in 
carcases, and those of the cabbage-butterfiy upon a cabbage- 
leaf), each larva on its emersion is as well provided with ali- 
mentary material as if it had been furnished with a large sup- 
plemental yolk of its own ; and by availing itself of this, it 
speedily grows to many hundred or even many thonsaud 
times its original size, witliout making any considerable ad- 
vance in development. But having thus laid up in its tissues a 
large additional store of material, it passes into a state which, 
so far as the external manifestations of life are concerned, 
is one of torpor, but which is really one of great develoji- 
mental activity : for it is during the jjwpa state that those new 
parts are evolved, which are characteristie of the perfect in- 
sect, and of which scarcely a trace was discoverable in the 
larva ; so that the assumption of this state may be likened in 
many respects to a reentrance of the larva into fie ovum. 
On its termination, the Imago or perfect insect comes fortii 
complete in all its parts, and soon manifests the locomotive 
and sensorial powers by which it is specially distinguished, 
and of winch the extraordinary predominance seems to jus- 
tify our regarding insects as the types of purely animal life, 
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There are some insects wliosc imago-life lias but a very short 
dm-ation, the performance of the generative act being appai 
ently the only object of this state of their existeEce : and such 
for the moat part take no food whatever ailer their final emer- 
sion, tlieir vital activity being maintained, for the short period 
it endures, by the material assimilated during their larva 
state.* But those whose period of activity is prolonged, and 
upon whose energy there are extraordinary demands, are 
scarcely less voracious in their imago than in their larva- 
condition ; the food they consume not being applied to the 
inerease of their bodies, which gi-ow very little after the as- 
sumption of the imago-state, hut chiefly to their mamtmancs; 
no inconsiderable portion of it, however, being appropriated 
in the female to the production of ova, the entire mass of 
which deposited by a single individual is sometimes enormous. 
That ike performance of the generative act involves not 
merely a consumption of material, bnt a special expenditure 
of force, appears from a fact to be presently stated, corre- 
sponding to that already noticed in regard to plants. 

Now if we look for the source of the various forms of 
vital force — which may be distinguished as constructive, 
sensori-motor, and generative — that are manifested in the dif- 
ferent stages of the life of an insect, we And them to lie, on 
the one hand, in the heat with which the organism is sup- 
plied from external sources, and, on the otlier, in the food 
provided for it. The agency of heat, as the moving power 
of the construdive operations, is even more distinctly shown 
in the development of the larva within the egg, and in Hie 
development of the imago within its pupa-case, than it is in 



* It is not a little ourioua ttiat m. the tribe of SoUfen 
maleulea, all tho males yet discovered are entirely desState of d^ieslive 
apparatus, and are thus mcapable of takiog any food whatever ; so that not 
ouly the whole of their developmect within the egg, bat the whole of that 
active hfe after their emersion from it, is carried on at tlie expense of llie 
store of yollt provided by the parent. 
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the gcrmmating seed ; the rate of each of these processes 
boing strictly regulated by the temperature to ■whidi the 
organism is subjected. Thus ova ■whidi are ordmarily not 
hatched until the leaves suitable for the food of their larvie 
have been put forth, may be made, by artificial heat, to pro- 
daca a brood in the winter ; whilst, on the other hand, if they 
he kept at a low temperature, their hatching may be retarded 
almost indefinitely without the destmction of their vitality. 
The same is true of the pupa^^tate ; and it it remarkable that 
daring the latter part of that state, in which the developmental 
process goes on with extraordinary rapidity, there ia in cer- 
tain insects a special provision for aa elevation of the tem- 
perature of the embryo by a process resembling incubation. 
"Whether, in addition to the heat imparted fixim without, there 
is any addition of force developed -within (as in the germinat- 
ing seed) by the return of a part of the organic constituents 
of the food to the condition of binary compounds, cannot at 
present be stated with confidence ; the probability is, how- 
ever, that such a retrograde metamorphosis does taie place, 
adequate evidence of its occurrence diu'ing tlie incubation of 
the bird's egg being afforded by the liberation of carbonic 
acid, which is there found to be an essential condition of the 
developmental process. During the laiva-atate there is very 
little power of maintaining an independent temperature, so 
that the sustenance of vital activity ia stiU mainly due to 
the heat suppUed from without. But in the active state of the 
perfect insect there is a production of heat quite comparable 
to that of warm-blooded animals ; and this is effeUed by the 
retrograde metamorphosis of certain organic constituents of 
the food, of which we find the expression in the exhalation of 
carbonic acid and water. Thus the food of animali becomes 
an iotenial source of heat, which may render them independ- 
ent of external temperature. 

Further, a like retrograde metamorphosis of certain con- 
stituents of the food is the source of that sensori-niotur ^oiver 
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wHot ia the peculiar characteristic of the animal organism ; 
for on the oae hand tlie demand for food, on the other the 
amoiint of metamorphosis indicated hj the quantity of car- 
bonic acid exlialeii, heai a very dose relation to the quantity 
of that power which is pnt foith Xhia rehition is pecnliarly 
manifest in insects, since then conditions of activity and re- 
pose present a greater contiast m their respectiTe rates of 
metajnorphosis, than do those of anj other animals. Of the 
exercise of generative force we hive ao similir measuie ' but 
h islyplmlifi fh^ lacy 

an fr m h nms h h bt f h 

wl h Im nly 1 ry fte se 1 1 h 

dp fh myb nsdblypl lifl 

bkpp h g l^pl 

M hbhwnby q tol 

mi id inse 1 h ni 1 h h 

p fg tiliff Ifimh id 

acts which must lie referred to the category of the ordinary 
nutritive processes, than had been previously supposed. 

Thus, then, we find that in the animal organism the de- 
mand for food has reference not merely to its use as a mate- 
Hal for the construction of the fabric ; food serves also as a 
generator of force ; and this force may be of various kinds — 
heat and motor-power being the principal but by no means 
the only modes under which it manifests itself. We shall 
now inquire what there is peculiar in the sources of the vital 
force which animates the organisms of the higher animals at 
different stages of life. 

That the developmental force which occasions the evolu- 
tion of the germ in the higher vertebrata is really supplied 
by the heat to which the ovum is subjected, may be regarded 
as a fact established beyond all question. In frogs and 
other amphibia, which have no special means of imparting a 
liigh temperature to their eggs, the rate of development (wliich 
in the early stages can be readily determined with great esac^ 
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iiesa) is entirely governed by the degree of warmth to which 
the ovum 'is sul)jected. But in sei-pents there is a peculiar 
provision for supplying heat ; the female perfoi-ming a kind 
of incubation npon her eggs, and generating ia her own body 
a temperature much above that of the surrounding air.* In 
birds, the developmental process caji only be maintained by 
the steady application of e3;temal wannth, and this to a de- 
gree mncb higher than that which ia needed in the ease of 
cold-blooded animals ; and we may notice two resnlts of this 
application as very significant of the dynamical relation be- 
tween heat and developmental force — first, that the period 
required for the evolution of the germ into the matnre embryo 
is nearly constant, each species having a definite period of 
incubation — and second, that the grade of development at- 
tained by the embryo before ite emeraion is relatively much 
higher than it is in cold-blooded vertebrata generally; the 
only instances in which any thing like the same stage is af^ 
tained without a special incubation, being those in which (as 
in the turtle and crocodile) ffee e^;s ai-e hatched under the 
influence of a high external temperature. This higher devel- 
opment is attained at the expense of a much gi-eater consump- 
tion of nutrient material ; the store laid up in the " food yolk" 
and " albumen" of the bird's egg, being many tunes greater 
in proportion to the size of the animal which laid it, than tbat 
contained in the whole egg of a frog or a fish. Thei-e is 
evidence in that liberation of carbonic acid which lias been 
ascertained to go on in the egg (as in the germinating seed) 
during the whole of the developmental process, that the return 
of a portion of the organic substances provided for the suste- 

* In the 'Viper the e^ ore usually retoined witliin the oviduct until 
they are hatched, Iq the Python, which recently went tiircragh the procesa 
of incubation in the Zoological Gardens, the egga were Imbedded ia tlie 
coUh of the body ; the temperature to which they were Bulijeoted (as ascer- 
tained by a thermometer placed in, the midst of them) averogiug 90° F^ 
whilst that of the cnge averaged 60° F. 
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nance f the Luibiyo, to the condition of simple binary coni- 
pounils 10 an esseatial condition of the process ; aad since it 
can scarcely he supposed that the olyect of this motamor- 
phoai^i can be to fiirnish heat (an ample supply of that force 
being afloidcd by the body of the parent), it seema not un- 
bkely that its purpose is to supply a force that concurs witli 
the heat received from without in maintaining the process of 
organiaafion. 

The development of the embryo within the body, in the 
mammalia, imparts to it a, steady temperature equivalent te 
that of the parent itself; and in all save the implacental or- 
ders of this Vdass, that development is carried still further 
than in birds, the new-bom mammal being yet more com- 
plete in all its parta, and its size bearing a larger proportion 
to that of its parent, than even in birds. It ia doubtless ow- 
ing in great part to the eonatancy of the temperature to which 
the embryo is subjected, that its rate of development (as 
shown by the fixed term of utero-geatation) is ao uniform 
The" supply of organiaable material here afforded by he um 
itself is very small, and suffices only for the v 7 ar 
stage of the constructive process ; but a special i n 

very aoon made for the nutrition of the embryo by ma as 
directly supplied by the parent ; and the imbibit n of tl se 
takes the place, during the whole remainder of fretal life, of 
the appropriation of the materials suppKed in the bird's egg 
bythe "food yolk" and "albumen." . To what extent a retro- 
grade metamorphosis of nutrient material takes place in the 
fcetal mammal, we Lave no precise means of determining; 
since the products of that metamorphosis are probably for the 
most part imparled (through the placental circulation) to the 
blood of the mother, and got rid of through her excretory 
apparatus. But sufficient evidence of such a metamorphosis 
is afforded by the presence of urea in the amniotic fluid and 
of biUary matter in the intestines, to make it probable that it 
takes place not leas actively (to say the least) in the festal 
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mammal than it does in the chick in ovo. Ini^eed, it is iai- 
possible to study the growth of any of the higher organisms — 
which not merely coneista in the formation of new parts, but 
also involves a vast amoiuit of interstitial change — ■without 
perceiving that in the remodelling which is incessantly going 
on, the parts first formed muet he removed to make way for 
(hose which have to take their place. And such removal can 
scarcely be accomplished without a retrograde metamorphosis, 
whioh, as in the numerous eases already referred to, may ho 
considered witli great probabillfy as setting free constructive 
force to be applied in the production of new tissue. 

If, now, we pass on from the intra-uterine life of the 
mammalian organism to tliat period of its existence which 
intervenes between birtli and nmturily, we see that a tempo- 
rary provision is made in the acts of lactation and nursing 
for affording both food Eind warmth to tlie yoang creature, 
which is at first incapable of adequately providing itself with 
aliment, or of resisting external cold without fostering aid. 
And we notice that the ofStpring of man remains longer de- 
pendent upon parental care than that of any other mammal, 
hi accordance with the higher grade of development to be 
ultimately attaiaed. But when the period of infancy has 
passed, tlie child, adequately supplied with food, and pro- 
tected by the clothing which makes up for the deficiency of 
other togumentary covering, ought to be able to maintain its 
own heat, save in an extremely depressed temperature ; and 
this it does by the metamorphosis of organic substances, partly 
derived from its own fabric, and partly supplied directly by 
the food, into binary compounds. Daring the whole period 
of growth and development, we find the producing power at 
its highest point ; the circulation of blood being more rapid, 
and llie amount of carbonic acid generated and tlirown off 
being much greater in proportion to the bulk of tlie body, 
than at any subsequent period of life. We find, too, in the 
large amount of other oxcretione, the evidence of a rapid 



...Coogic 



rOTITB FOEOES OF AHIMALa. 429 

metamorphosis of tissue ; ami it can hardly be questioned (if 
our general doctrines te well fonnded) that die constructive 
force that operates in the completion of ilie fabric will be de-- 
rived in part from the heat so largely generated by chemical 
cbange, aad in part from the descent which a portion of the 
fabric itself is continnaUy making from the higher plane of 
organized tissue to the lower plaue of dead matter. This 
high measure of vital activity can only be sustained by an 
ample supply of food ; which thus supplies both mat&rial for 
the construction of the orgaaism, and the force by wiioae 
agency ttiat constmction is accomplished. 

How completely dependent the constructive process still is 
upon heat, is shown by the phenomena of reparation in cold- 
blooded animals ; since not only can the rate at which they 
take place be experimentally shoivn to bear a direct relation 
to the temperature to which these animals are subjected, but 
it has been ascertained that any extraordinary act of repara^ 
tion (such as the reproduction of a limb in the salamander) 
■will only be performed under the influence of a temperature 
much higher than that required for the maiatenaace of the 
ordinary vital activity. After tlie maturity of the organism 
has been attained, there is no longer any call for a larger 
measure of constructive force than is required for the maiiden- 
anee of its integrity ; but there seems evidence that even then 
the requu-ed force has to be supplied by a retrograde meta- 
morphosis of a portion of the constituents of the food, over and 
above that which serves to generate animal heat. For it has 
been experimentally found that, in the ordinary life of an adult 
mammal, the quantity of food necessary to keep the body in 
its normal condition is nearly twice that which would be re- 
quired to supply the " waste " of the organism, as measured 
by the total amount of excreta when food is withheld ; and 
Lence it seems almost certain that tlie descent of a portion of 
the organic constituents of this food to the lower level of sim- 
ple binary compounds is a necessary condition of the ele- 
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vatiun of BDotlier poiiion to the ttate of living organised 
tissue. 

The conditions of animal esistence, moreover, involve a 
eoufctant expenditure of motor force throEgli the instrumental- 
ity of the nervo-ransoular apparatus ; and the exercise of the 
purely psychical power^s, through the instrunientality of the 
brain, constitutes a further expenditure of force, even 1711611 
no bodily exertion is made as its result. "We have now to 
consider the conditions tinder ■which these forces are devel- 
oped, and the sources from which they are derived. 

The doctrine at present commonly received among physi- 
ologists npon tJiese points may be stated as follows : — The 
functional activity of the nervous and muscular apparatuses 
involves, as its necessary condition, the disintegration of their 
tissues ; the components of which, uniting with the oxygen 
of the blood, enter into new and simpler combinations, -which 
are ultimately eliminated from the body by the excretory oper- 
ations. In such a retrograde metamorphosis of tissue, we 
have two sources of the liberation of force : — first, its descent 
from the condition of living, to that of dead matt6i', involving 
a liberation of that force which was originally concerned in 
its organization;* — and second, the further descent of its 
complex organic components to the lower plane of simple 
binary compounds. If we trace back these forces to llieir 
proximate source, we find both of them in the food at the 

* It was by IJebig ("Animal Chemistrj," 1842) that the doetriae was 
first distinctly promulgated wbicli hiid been already more vnguely affirmed 
by various Pbjaiologista, tJiat every pxodnellon of motion by an Animal 
involves a proportional disintegration of musoolar subetanoc But he seems 
to have regarded the motor force prodneed la the expresaon only of the 
vital foroe by ivliioli the tissue was previously animated ; and to hava looked 
upon its disintegration by oiygenation as simply a consequence of its death. 
The doctrine of the " Correlation of Forces " bdng at that time nniievel- 
oped, he was not prepared to recognize a source of motor power ia the ulte- 
iges which the substance of the muscle undei^es ; but 
^0 have regarded them aa only concerned m the production of hent. 
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expense of ivhich tlio anima! organism ia constructed ; for 
besides supplying the material of tlie tissues, a portion of 
that food (as already shown) becomes the source, in its retro- 
grade metamorphosis, of the production of the heat which 
supplies the constructive power, wliilst another portion may 
afford, hy a like descent, a yet more direct supply of organ- 
izing force. And tlms we find in the action of solar light 
and heat upon plants — whereby they are enabled not merely 
to extend themselves almost without limit, but also to accu- 
mulate in their substance a store of organic compounds for 
the consumption of animals — the ultimate source not only of 
the materials required by animals for their nutrition, but also 
of the forces of various tinds which these exert. 

Eecent investigations have rendered it doubtful, however, 
whether the doctrine that every exei-tion of the functional 
power of the nervo-muscular apparatus involves the disinte- 
gration of a certaatu equivalent amount of tissue, really ex- 
preases the whole truth. It has been maintained, on the basis 
of careftiUy-conducted experiments, in the first place, tliat the 
amount of work done by an animal may be greater than can 
be accounted for by the ultimate metamorphosis of the azo- 
tized constituents of its food, their mechanical equivalent 
being estimated hy the heat producible by the combustion of 
the carbon and oxygen which they conttun ;* and secondly, 
that whilst there is not a constant relation (as affirmed by 
Liebig) between the amount of motor force produced and the 
amount of disintegration of muscular tisane represented by 
the appearance of urea in -flie urine, such a constant relation 
does exist between the development of motor force and tlie 
increase of carbonic acid in the expired air, as shows thp,i 
between these two phenomena there is a most intimate rela- 

* This view has been eipressed to the atitlior by two vf-'j Mgh authoiv 
i*ies, Frof. Halmholta and Prof. William Thomson, i'ljepcndcnlly of eaoh 
othev, aa att almost neeessaij infcpence froi" llie data fuvcished bj Uio 
esperimeuts of Dr. Joule. 



„ Google 



432 COEEELATION OF PHTfilOAL AND VITAL F0ECK8. 

tiotLsHp.* An^ the concnrrence of these independent indico- 
tiona seems to justify liie inference that motor force may be 
developed, like heat, by the metamorphosis of constituents 
of food whlcb 33X not converted into living tissue ; — aa infer- 
ence which so fully liai-monizes with the doctrine of the direct 
convertibility of these two forces, now established as one of 
the surest results of physical inveetigation, as to have in itself 
no inherent improbability. Of the conditions which deter- 
mine the generatioE of motor force, on the one hand, from the 
disintegration of muscular tissue, on the other from the meta- 
morphosis of the components of the food, nothing definite can 
at present be stated ; but ive seem to have a typical example 
of the former in the parturient action of the uterus, whose 
muscular substance, built up for this one effort, forthmth 
undergoes a rapid retrograde metamorphosis ; -vvLilst it can 
scarcely be regarded as improbable that the constant activity 
of the heart and of the respiratory muscles, which gives 
them no opportunity of renovation by rest, is sustained not so 
much by the cintmual lenewal of their substance (of ^Jucli 
renewal theie is no histological evidence whatevei) as bv a 
metimoTpho=iis of matteis external to fbemoelves snpphing 
a foice vhich is manifested thiough then instrumentality 

Ti sura up The life ot man, or of any o± the lughei 
animak, essentially consists m the manifestation ot forces 
of vaiious kinds, of which the oigamsm is the iiufrmnent , 
and these foici^s aie developed by the retiogiad" metamoi- 
phoMs of the orgamc compounds generitad b> the instiu- 
mentility of the plant, wnereby they ultimitUj reLitm to the 
simple binary forms (^\atei, carbonic acid, and ammonia) 
■which sene as the eioential iood of vegetalles Ot h li. 
ojganic compounds, one portirn ( i) i^ converted into the 

* On these last pomts veferenca ia eapceinlly made to tlie cocciit csperi- 
tnents of Dr. Edwaivi Smith. 
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substance of tlie living body, by a constiijctive force which 
(in ao far aa it is not supplied by the direct agency of external 
heat) is developed by the retrograde metamorphosis of another 
portion (6) of the food. And whilst the ultimate desceat of 
the first-named portion (a) to the simple condition from which 
it wa.a originally drawn, becomes one source of the peculiarly 
animal powers — the psychiaal and && motor — exerted by the 
organism, another source of these may bo found in a like 
metamorphosis of a iiirther portion (c) of the food which has 
never been converted into Uviug tissue. 

Thus, during the whole life of tJie aninaal, the organism 
is restoring lo the world around both the materials and the 
forces which it draws from it ; and after its death this resto- 
ration is completed, as ia plants, by the final decomposition 
of its substance. Bat there ia this marked contrast between 
the two kingdoms of organic nature in their material and 
dynamical relations to the inorganic world — ^that whilst the 
vegetable is constantly engaged (so to speak) in raising its 
component materials from a lower plane to the higher, by 
means of the power whicli it draws from the solar rays, the 
animal, whilst raising one portion of these lo a still higher 
level by the desceat of another portion fo a lower, ultimately 
lets down the whole of what the plant had raised ; in so 
doing, however, giving back to the universe, ia the form of 
heat and motion, the equivalent of the light aad heat which 
tbe plant had taken from it. 
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BXPLAiUED anh applied to the arts of life 

AND the PnENOMENA OF iTATUIll:. 

A MEW EDITION, 

V^n f mikttr an!) %m ©iigmbings. 



By EDWARD L. YOUMAIS'S, M.D. 

lamo. 460 pages. Friae 9I.S5. 
The special attention of Educatoi's is solicited to this woii, on the fol- 



I. Il brings up tho Boieuoe to tlia present date, incorporating tlio now discor- 
eries, tlia corrected vLowa and mora ooioprebensivo iiriooLples which lave resnlted 
teem, reoeiit Inquiry. Among tJioae may be mentioned tlio dlecoveiies in Spectrum 
jliwi^aiff) ttiedoctrJnesof theCoiwemai^wi astd CorT^ia^'ojt ^i^rces, tlio i-ceesn-ohes 
of EerthBlot on the Jrlyirfoi PraduBiim qfOteanic Sahalancee, tlie intei'estliig re. 
BBEH'oliBS of Elrsbam on tlie CruataUtiid end CoBoid condition of matter, lyitli many 
otlicr reanlta of recent laveatlgatlon not fijund In oonteraporary text-boofcs. 

II. Av(acllngesceBaoftecbnioa!ltles,lt presents the Bubjeot in a lucid, foroLUo, 
and attTBOtlra style. 

in. It Is profusely lllnatratad witli cnts of objects, apparatus, and eaperlmente, 
wlJcb enable the Btndeot to purauo tbo subject olooa or In boIiooIb ivltliout ap. 

T7. Directions for esporlmontal opevatlouB are ninob condenBod, niid deeorlp' 
tluns of nulmpor.tiuit obemioal enbetanoes are made very brief, or aitogetlier omit 
ted, tlius obtaining spaoe to treat wllb nnuBnal fulness tho " ohenifotry of common 
life," aiid tbB iater revelations of Ihie beautiful Boiance. 

V. It presents jUflt auciiaTiawof the leading piinoiplcs end more Important 
fiicta of tlie edence as la demanded for the purposes of general edueatlon, 

VL The work ie arronaed upon a natural malliod, tho topics tefiig so presented 
no to unfold the true order of UMnrCa activities. -Fart I treats of the natural 
fames by which matter is tlansformed. Part II, of the appUoatlon of these forces 

of the preceding ; while Part 17, or Physiological Chemistry, oomplcles the stheme 
iiitbeworidofllfls. 

VII. It presents the science not only as a brcoich hut as a raenns of eilucalion— 
a valuable inatrament of inteileotnal culture and dieciplino. 

Vni. It gives a dear esposltJon of the origin and iiatuiB of Bclonllflo knowl- 
edge and the ralue of eolentlfio studies for pui-poses of education. 



■y for examination mil be se 
receipt of 62 cents. 
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Woi-hs paiUsJied by D. Apj'^doa c6 Co. 



HEAT, 

CONSIDEKED AS A MODE OF MOTION, 

g a Course of Twelve Lectures delivered before the 
Royal Institution of Orea.t Britain. 

BY JOES TTHDALL, T. E. S., 



With One Huiidred UliKkalioiiB. 8vo, 480 pages. R'ioe, |2.00, 



Eb^om the Amexloau Joamal of Soienoe,— WiUi all tho efclll whioh lias 
moae Fniuanj tlia maater of espeilmental science in Great Britnin, PmfeBaor Tynflall 
enjojs the naTantiise ot a superior ganciiil culture, snd istlrns onabloa to Betfortl Us. 
phllo£Dpliy 'wltk all ih& graces of cloqaencc md Uie finish, of superior diction. "With a 
slmpllcitf, and absence of t^chnlcaUUeE. nMcli I'endei' Ms esf liinationa lucid to uc- 
sclQQtld<L minda, and at tlie BEime "Ume a thorongbncss and ovi^nality l)y 'wLidi lie iq- 
stiuota tlia moat learned, lo unfol<ls flll the motlein plilosoplij of heat HIS irort takes 
rank at onca as a olssaio npon the eubjeot 

Slew Torfc Times.— PiiilissorTjTLdairs cotubb of leotoi'eBoulioatiaoneof the 
most beinitUU illnslratlous of s. mode of Mndllug edeutUc subjects, -viliicli 13 com- 
pQi-fltiTelj" ijew, iind wblob promises tlio best resolte, both to 






.f Bnbj> 
w. Tto tltlo of Fi-ofeBSOi' Tynaall's wori 
nil indeed Uia only one now held by scleni 
Boston Journal.— He esliblts the i 
most deliglilful xaaonoj'. Before the read 
iondor "with a movement reg;nlated ll^s a 
owere ^th fine serrated petals, or Into roi 
I bClUng fountains, oreroopaloB 
id sing, 



t hold by him, 









hi a fltjla at 
dIoaCes ^a ^aorj of h< 
[e men— i( is a mode i/fmoimji. 
liooB (md betratiful irorHnga of nntms In 
pDf Ualee of "water look themselTes or Qy 
snoe. Thaylbrm tLsmeelTea 'hL& liquid 
of IVozen ganze ; they hoimd upward 
;s. FJameabm-Etinlo 
d metals paint them- 



Hew Tork Tiibime.— Tho m 
yet been made to the theory and hieii 

SolentiBo Amerioan,— Tha work Is wj 
moBtTBliinble contilbntiou to solentlflc Utorat 
yCBra. It Is the roost popnlai- exposition of the dynamical 
appeared. The old materlELj theory of heat may b« said to 

l-otiifivllle Demociat.— Thlfl is one of the moat deUghifnl seientiilo worts we 
have ever met. The lectmres ace so ML of life and epirlt that ne con almost imaglna 
the leetnrat before us, and see his hrlUiant asperiments In every stiige of their progi'ess. 
The theoiy Is so carefully tend thoronghly asplsined tint no one onn 6ill to nnderatand 



'ard in stupendc 
esperlraeul 
She paintei 



Important contcibutiOD that has 

n a charming style, and Is the 
it bis been published In many 

theory of heat that has yet 

)e dellmob 






sale a love for' 
Profesaor Tjodflll''s espositions and espeiimenta an 
clear, anil ooBThH^iigi portions of the hoot havi 
iO etartline are the (leserlptions and eliicldatlons. 
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Woi-ks of liaisH Spcneer puMis/ia! by D. Applelon di Oo. 
(SOW m PEEBS,) 

ESSAYS: 

MORAL POLITICAL, ARL ESTHETIC. 



I. The PMlosophy of Style. 

II. OTer-Le^alation. 

nr. Morals of Trade. 

IV. Personal Beauty, 

v. Representative Goyerument, 

TL Prison-Etbios. 

VH. EaUway Morals oud Eailway Policy. 

VHI, Qracefuluesa. 

IS. State Tomperings witii Money and Banks. 

X Beferm. ; the Dtmgera and the Si ' 



SOCIAL STATICS 



THE OONDITIOKS ESSESTIAL TO niTMAS HAPPINESS 

SPECIFIED, AND THE FIRST OF THEM 

DEVELOPED. 

In one Voliime. Iiarge ISmo. 

All tlieas works ssb lich \n materials for fumtlng IntdTFfgsut opinions, oveir vhero 
wa M8 imable lo agrea with tlioBe pnt ftotli bf &e auaor. Miicli may be learned IVom 
Diem In departmenla in wLich our common Educational ej^tmn is vor; deficient. Tba 
AotiTe dUzea maj deriYe ih>m tli«n accurate B^tematized iufciimaUoji conceroing }ils 
higbest duties to socloty, and Iba piinoiples on wMdL they are baaed. He may gain 
clearer notions of tbe Tiliie And bearing of eridence, and be bettor able to dletiiigniab 
between &cts and infereuees. He mayflnd common tbings soggestiYe of wieer tlioagbt 
—nay, we will venture to say of liuer emotion— than before. By giTing as fnllM reall- 
EQtlons of liberty and jnstlee tlB wrttWgs will tcnil to inerease o™ self-i'dianoe in tba 
great emageney of i^idllaation to wHob we hays been smnmoned.— ^Kanfio MoitSiii/. 
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